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Unusual programming challenges 
are waiting far you 


If they weren't unusually difficult they wouldn't 
be here at the Honeywell EDP 
Technology Center. 

This is where our research and development 
takes place — where major techniques are 
invented and investigated, programming 
languages are treated in-depth, new approaches 
are defined and established. 

The projects here are often amazingly 
complicated — demanding every bit of your 
energy and imagination and many of the 
extensive facilities available to you, including 
the Technology Center's 20 computer complex. 
But then that's what makes programming at the 
Technology Center so rewarding. 

There's more than work satisfaction to be found 
here. There's rapid, solid growth. We expect you 
to take on additional responsibilities as soon as 
you're ready. With Honeywell EDP 
expanding as rapidly as it is today, our need for 


qualified high level programmers has never 
been greater. 

PERIPHERAL SYSTEMS: Develop new 
techniques and specify software for input-output 
communications. 

DESIGN AUTOMATION: Design, development, 
and programming of engineering data 
processing systems. 

OPERATING SYSTEMS: Development of 
Honeywell operating systems to compete with 
competitive random access oriented equipment. 

GRAPHICAL I/O: Design of programs for the 
graphical presentation of data to the central 
processor and display from it. 

Interested? Send your resume to 
Mr. Curt Collison, Honeywell Electronic Data 
Processing, 200 Smith Street, Dept. SA-1, 
Waltham, Massachusetts 02154. 





Opportunities exist in other Honeywell Divisions. Send resumes to F. E. Laing, Honeywell, Minneapolis, Minnesota 55408. An Equal Opportunity Employer. 
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Without moon men 
and planetary probes 

how on earth does 

United Air Lines 
attract top men to 

Elk Grove III.? 


The a nswer is simple. 



UnitedAir Lines has 
the largest com¬ 
puter system in the 
business world in 
Elk Grove Town¬ 
ship, III. Wehavethe 
kind of hardware 
that challenges 
even the best systems analysts and 
programmers. 

Imagine working with hardware like 
this: three UNIVAC 1108-11 proces¬ 
sors sharing a common 262K, 36-bit 
word core; 45 drums providing random 
access storage of nearly two billion 
characters of data; over 2800 Uni¬ 
scope™ visual communication termi¬ 
nals that link 116 United cities to our 
central computer complex; 700 auto¬ 
matic printer units for passenger tick¬ 
ets and airbills. 

This on-line computerized system 
will provide information in 17 basic 
c’ategories ranging from passenger res¬ 
ervations, meal planning, crew and air¬ 
craft scheduling to flight planning and 
cargo loading. 

This kind of information, and how it 
gets to our management, is critical to 


the operation of the world's largest air¬ 
line. And because we want to stay that 
way, you can be sure our management 
will encourage you in the exploration 
of new areas of computer science. 

Since this new system becomes op¬ 
erational this year, you can get in on 
the ground floor. If you can handle re¬ 
sponsibility for projects from analysis, 
through coding, debugging, and docu¬ 
mentation and if you've had two to five 
years experience in business or scien¬ 
tific applications, let us hear from you. 

United also offers a few fringe bene¬ 
fits that might attract you to Elk Grove. 
Free air travel for you and your family, 
company-paid insurance, an excellent 
retirement program and an employee 
stock purchase plan are just a few. 

Please send your resume and salary re- 
quirementsto Mr. H. K.Schlinker,Man¬ 
agement Employment, United Air Lines 
Executive Offices, P.O. Box 66100, 
Chicago, Illinois 60666. 


UNITED AIR LINES 

An Equal Opportunity Employer 
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Systems 

Programmers 


At Sanders in Bedford you 
can make the most of your 
creativity 


If your basic strength lies in knowing computer 
systems, this position offers real career potential. 
You should have designed and built systems for 
multi-user applications in time-sharing and real¬ 
time response modes. 

You also should have designed and built ad¬ 
vanced assemblers and compilers, file-oriented 
systems, and display systems. 

Three to five years of experience is required, 
the emphasis on knowledge of systems rather than 
on applications programming. 

Sanders offers exceptional opportunities for 
professional development. Facilities Include the 
newest commercially available equipment plus 
state-of-the-art hardware developed here. Systems 
are everyone’s business at Sanders, and you will 
be encouraged to contribute solutions beyond your 
own specialized area. And because we emphasize 
creativity, you will be constantly encouraged to 
innovate rather than follow conventional practice. 

Insuring the long-term stability required for 
secure professional advancement Is Sanders’ out¬ 
standing growth: sales climbed last year from 66 
to more than 139 million dollars, 90 per cent for 
systems, programs, and equipment we designed 
and developed. 

You will find added security In the outstanding 
benefits program, which includes liberal salary 
policies, 100 per cent prepayment of costs for 
outside study, and comprehensive insurance 
coverage. 

WRITE or send your resume, including current 
salary, to Mr. Gerald Trotman, Sanders Associates, 
Inc., Dept. 306 SA, Crosby Road, Bedford, Mass. 
01730. 

BEDFORD DIVISION 


CREATING NEW DIRECTIONS IN ELECTRONICS 


SA ^ 


M. SANDERS ASSOCIATES. INC. 


SANDERS 

AssactAiEaiNa 

An Equal Opportunity Employer M/F 
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WHERE CAN MAN GO...IN PROGRAMMING.^ 



From abacus to computer, human progress can be 
measured in increments of man’s skill in processing 
data. Originally no more complex than tlie lingers 
of one hand, computer systems are today truly 
revolutionizing the very times in which we li\ e. For 
as civilization grows ever more aware of the skills 
of these uncanny servants, so too grow in import¬ 
ance the programmers who initiate and then 
interpret all that these instruments are able to 


accomplish. Program: A trajectory for optimum 
ballistic flight far out in space. Program: Simulation 
studies. Program: Advanced software. Real-time 


management, and business systems. In brief, wher¬ 
ever there exists the need to do things better: Pro¬ 
gram. IvOckheed offers an unusually wide range of 


advanced programming tasks at one of the world’s 
largest centralize'd industrial computer instal- 
Htions. Write Mr. R. C. Birdsall, Professional Place¬ 
ment Manager, Sunnyvale, California. I.ockheed 
is an equal opportunity employer. 
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for 

programmers 

only: 

The hard 
facts 

about Software 
—and you ! 

As you well know, in the 
computer field. Hardware 
and Software go together- 
like ham & eggs, red, white 
and blue, boys and girls, 
and other natural and essen¬ 
tial combinations. 

As you also know, a Soft¬ 
ware program can be no 
better than the Hardware that 
will handle it.Now—UNIVAC 
Hardware is acknowledged 
to be number one techno¬ 
logically In the computer 
business. And that is an im¬ 
portant reason why our Soft¬ 
ware programming section 
is so attractive to talented 
people looking for the like¬ 
liest place to work and grow. 

Right now, there are es¬ 
pecially desirable oppor¬ 
tunities available in real time 
applications, command and 
control, compiler and ma¬ 
chine language develop¬ 
ment, and research and 
methods programming. 

If you'd like more hard 
facts about what Univac has 
programmed for talented 
Software people, write: R. K. 
Patterson, Personnel Man¬ 
ager, Dept. 118. 

Write today and make an 
appointment with tomorrow 

UNIVAC 

FEDERAL SYSTEMS DIVISION 

2750 WEST SEVENTH BLVD. 

ST. PAUL. MINNESOTA 55116 

AN EQUAL OPPORTUNITY EMPLOYER M/F 


new installations 


The University of Houston has 
installed a Scientific Data Systems’ 
Sigma 7 in the school’s new $400,- 
000 computer center. In the coming 
year remote terminals will be in¬ 
stalled in various classrooms and 
laboratories allowing time-sharing 
to become a reality throughout the 
university. The more routine EDP 
problems of running a major univer¬ 
sity will also be handled by the 
$1,250,000 equipment. 

■ ■ ■ 

Techalloy Companyy Inc.y pro¬ 
ducers of rod and strip wire con- 
posed of stainless steel and high 
nickel alloy, has announced the pur¬ 
chase of a UNIVAC 9200 Computer 
System. When installed in the sum¬ 
mer of ’68, the new equipment will 
replace tabulating equipment pres¬ 
ently being used for handling ac¬ 
counts receivable and payable and 
for inventory control and invoicing. 
■ ■ ■ 

Merck Sharp and Dohme^ an in¬ 
ternational manufacturer of pharma¬ 
ceutical products, has ordered a 
Series 200 Computer from Honey¬ 
well Controls Ltd. Most of the firm’s 
data processing has been handled 
by a service bureau; however, the 
Hoddesdon, England firm antici¬ 
pates converting all order process¬ 
ing, accounting, inventory, sales and 
marketing functions to the new 
Honeywell 120 format. 

■ ■ ■ 

Fenn Jersy Auto Stores, operators 
of more than 100 retail outlets in a 
five state area in the East, has or¬ 
dered a UNIVAC 9300 Computer 
System. The system will be used for 
processing daily order entry opera¬ 
tions, stock status reports, sales 
analysis and complete general ac¬ 
counting and management exception 
reporting. The equipment will be 
located in the company’s general 
offices in Philadelphia. 

■ ■ ■ 

Northwest Orient Airlines has 
given the order for $12 million 


worth of UNIVAC 494 Computer 
System hardware. The airline will 
have invested over $25 million in 
the system through the next five 
years. Located at the Twin Cities 
Airport, the system will incorporate 
functions of numeric reservations, 
inventory, message switching, flight 
planning, revenue accounting, pay¬ 
roll and other related programs. The 
newest application of the new 
equipment will be the storage of 
passenger name records, flight 
schedule displays and freight 
control. 

■ ■ ■ 

Fruiur-Colnon Contracting Co., a 
St. Louis based construction and 
engineering firm, has installed a 
Honeywell Model 120. Along with 
the usual applications of payroll, 
general accounting and fiscal report¬ 
ing, the firm plans to use the equip¬ 
ment for critical-path reporting and 
to plan, schedule and control major 
engineering and construction proj¬ 
ects. Fruin-Colnon was instrumen¬ 
tal in the development of the Busch 
Civic Memorial Stadium. 

■ ■ ■ 

The Alabama Department of 
Public Health has installed a UNI¬ 
VAC 9300 Computer System in its 
division oflBces in Montgomery. 
While the department plans to con¬ 
tinue using punched cards for the 
time being, plans are being made to 
convert to magnetic tape in the 
future. Along with predictable use- 
age such as statistics of births, 
deaths and communicable diseases, 
the new system will also be used 
for compiling and comparing his¬ 
torical medical information and for 
budget projection and preparation. 

■ ■ ■ 

EDP Data Centers Ltd., reputably 
Canada’s largest independent com¬ 
puter service bureau, has installed a 
Honeywell 200 at its Vancouver, 
B. C. branch oflSce. Previously cen¬ 
tering its activities in and around 
(Continued on page 22) 
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PROGRAMMERS SCIENTIFIC/SYSTEMS/COMMERCIAL 



Space shots to the moon... 
golf shots to the green... 


JOIN US IN BOTH AT THE J. F. KENNEDY 
SPACE CENTER IN SUNNY FLORIDA. 

The “textbook” launch of the Saturn 
Apollo Mission on November 9th was 
carried out through the efforts of a 
talented NASA/Industry team. ITT’s 
Federal Electric Corporation is a prime 
contractor on this team with some 1500 
professionals supporting the Space 
Agency in this significant step toward 
the manned lunar landing. 

Our fast expanding computation 
work at the Center provides real-time 
scientific test support, data reduction, 
systems analysis, computer operations 


and data storage and retrieval. This 
scientific, engineering and adminis¬ 
trative support activity utilizes two 
GE 635 time sharing digital computer 
systems with 16 magnetic tape units, 
128K word storage, a 786K word drum 
and real-time input/output controllers 
on each system. We also use an IBM 7010 
computer system for financial manage¬ 
ment and an IBM 1050 connected to a 
separate IBM 1440-7010 computer 
system for a real-time 30K item inven¬ 
tory system. 

While the size and complexity of 
our mission provides you with talent¬ 


extending excitement, the great climate 
here in the heart of Florida's beautiful 
East Coast offers you unmatched relax¬ 
ation. There's sun, sand and seashore 
plus water skiing, surfing, fishing, hunt¬ 
ing and superb golf. It's comfortable 
living (at well below the national aver¬ 
age cost), lots to do, and the perfect 
climate for doing it. 

Please forward your resume, in¬ 
cluding salary history, in complete 
confidence to Mr. L. A. Hamilton, 
Federal Electric Corporation, Suite 501,' 
Cape Royal Building, Cocoa Beach, 
Florida 32931. 


FEDERAL ELECTRIC CORPORATION 

A Plans for Progress Equal Opportunity Employer (m/f) 


] 
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Donald Campbell 
Walter Cook 
William Heffner 


■ An advanced operating system announced by 
General Electric at the recent Fall Joint Com¬ 
puter Conference offers users of large-scale com¬ 
puters the ability to mold their varied data 
processing and access requirements into a truly 
integrated system. 

General Comprehensive Operating Supervisor 
III (GECOS III) is a new operating system for 
General Electric’s GE-600 series of large-scale 
computers. It eflBciently integrates requirements 
for on-line batch, remote batch, and time-sharing 
into one system, using a common data base. The 
problems of employing multiple systems, with 
incompatible programs and files, no longer need 
exist for large-scale computer users. 

The new operating system provides significant 
improvements in the performance and reliability 
of the multiprogramming, multiprocessing, and 
remote processing functions of its predecessor, 
GECOS II. It also provides concurrent time¬ 
sharing capabilities with BASIC* language and 
text-editing functions. 


* Jointly developed by Dartmouth College and Gen¬ 
eral Electric Company. 


The ‘‘heart” of GECOS III is a centralized file 
system of hierarchical, tree-structured design 
which provides multiprocessor access to a com¬ 
mon data base, full file protection, and access 
control. Full user program compatibility with 
GECOS II has been retained, but the internal 
organization and logic flow of the system is 
completely new. The ease with which the sys¬ 
tem may be extended and modified has been 
enhanced greatly. 

Hardware Considerations 

A brief introduction to the GE-600 series of 
computers is necessary as a frame of reference 
in understanding the operation of GECOS III. 
GE-600 systems are modular in concept, con¬ 
sisting of memory modules, processor modules, 
input-output controller (IOC) modules, and 
associated peripheral devices. From one to four 
of each type of module may be attached to the 
system, depending upon the memory, process¬ 
ing, and input-output requirements of a given 
installation. 

The systems are “memory oriented” in that 
the system controller is associated with the 
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memory. Processor and IOC operations are co¬ 
ordinated by the system controller. Each mem¬ 
ory module may contain from 32K to 128K of 
36-bit words. The minimum rational memory 
size is 64K; the maximum, 256K. One and two 
microsecond memories are available. 

The processor(s) perform a double word 
instruction fetch from memory, with interpreta¬ 
tion overlap of the second instruction. The proc¬ 
essor operates in a dual mode, with the operat¬ 
ing executive (GECOS) executing in both 
“master” and “slave” modes, as required, while 
user programs execute in “slave” mode only. 
In master mode operation, the full instruction 
repertoire may be executed; all memory refer¬ 
ences are absolute; and the full range of mem¬ 
ory may be referenced directly. In slave mode 
operation, memory references are relative to a 
base address register (BAR) which defines the 
physical address fimits of the executing pro¬ 
gram; the program cannot access memory loca¬ 
tions outside of the BAR setting; the length of 
program execution time is under the control of 
a “timer” register; and the program is limited to 
a sub-set of the instruction repertoire. Control 
operations such as input-output operations, set¬ 



ting the BAR and timer registers, etc. are pro¬ 
hibited in slave mode. 

An important attribute of the BAR is the abil¬ 
ity to move user programs in memory without 
address relocation merely by estabhshing a new 
BAR setting. 

Sixteen special processing status conditions, 
termed “faults,” cause interruption of sequential 
instruction execution and transfer of control to 
one of 16 pre-set fault vector locations, depend¬ 
ing on the type of fault which occurred. Faults 
provide control (e.g., timer run-out, arithmetic 
overflow); detection (e.g., an attempt to refer¬ 
ence outside of memory limits); and communi¬ 
cation (master mode entry). 

The IOC’s perform asynchronous input-output 
operations on up to 16 peripheral channels per 
IOC. Communication with the processor is 
eflEected through a pre-set group of 256 words 
of memory (IOC “mailboxes”) and through four 
distinct types of interrupts to one of 32 pre-set 
interrupt vector locations, depending on the 
type of interrupt and the IOC on which the 
interrupt occurred. DATANET-30* data com¬ 
munications processors may be attached to one 
or more of the peripheral channels of an IOC, 

* Registered trademark of the General Electric Co. 
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adding remote input-output capabilities to the 
system. 

Design Objectives 

The myth that system development ends when 
the system is operating reliably has been exposed 
repeatedly. It simply is not possible to anticipate 
the effect of all design decisions and the merg¬ 
ing needs of all users during system development. 

GECOS II has been in operation for over 
two years, controlling up to eight batch and 
remote batch programs in a multiprogramming/ 
multiprocessing mode of operation. It has been 
in a continual state of development and improve¬ 
ment since its initial release. However, the in¬ 
sight gained from the development of GECOS 
II and the statistical analysis of its operation, 
together with the evolving need for new capa¬ 
bilities, indicated an urgent need for a new 
operating system. The major design objectives 
of the new system were: 

—The system must be immune to user pro¬ 
gram errors, whether intentional or unin¬ 
tentional. 

—The system must be fully user program 
compatible with GECOS II. 

—The internal system structure must be sim¬ 
plified for ease of extension and modifica¬ 
tion. 

—The system must maximize peripheral utili¬ 
zation. 

—The file system must provide file protection 
and access control in a multiprocessor mode 
of operation. 

—Batch, remote batch, and time-sharing must 
be integrated for effective concurrent opera¬ 
tion. 

—The system must operate efficiently under 
an effective memory discipline. 

—Self-measurement and feed back techniques 
must be incorporated to provide data for 
continued development. 

GECOS III consists of three distinct elements, 
or types of routines: 

1. A resident executive (known as the ‘‘hard 
core monitor”). 

2. A small number of “system programs” (such 
as the job input processor) which perform 
services for the community of user programs 
within the system. 

3. A library of system subroutines which per¬ 
form service functions (such as I/O) for 
individual user programs. 


Hard Core Monitor 

At system initiahzation, the hard core monitor 
is loaded into memory, and remains intact 
throughout GECOS III operation. Its size de¬ 
pends upon the system configuration, but aver¬ 
ages about lOK words. It contains: 

—System configuration data. 

—Interrupt processing routines. 

—Fault processing routines. 

—The “dispatcher,” which allocates the proc- 
essor(s). 

—The most heavily used system service sub¬ 
routines. 

All memory, except the hard core monitor, is 
occupied by programs from user-submitted jobs 
and by a few system programs. The system pro¬ 
grams include: 

—Job input processor. 

—Peripheral allocator. 

—Core allocator. 

—Standard output disperser. 

Note that these system programs concern the 
functions of introduction, preparation for execu¬ 
tion, and dispersal of results of a user program. 
They communicate through the file system and 
manipulate the file system image of the job as 
it passes through the system. This filing proce¬ 
dure ensures that a fresh copy of the job always 
is available for restart if required. 

There is only one distinction that the system 
makes between user programs and system pro¬ 
grams. System programs need to reference com¬ 
mon data such as the system configuration, held 
in tables in the hard core monitor; therefore, 
a special entry point to the hard core monitor 
is provided to allow such a reference. If a user 
program attempts to gain entry, that program 
is aborted. 

Programs which are permitted to use this 
entry point are “privileged” programs. The time¬ 
sharing system and the test and diagnostic sys¬ 
tem also are privileged system programs, and are 
allowed this privilege in order to achieve high 
speed I/O interfaces and interior memory pro¬ 
tection. 

Many advantages are gained by treating sys¬ 
tem functions hke ordinary programs. Since they 
are subject to the same rules of memory and 
processor use as any program, while one pro¬ 
gram is executing, the rest of the system is 
memory-protected against accidental reference 
and destruction. Each is organized as a free- 


THE AUTHORS 

Donald J. Campbell, Walter F. Cook and William J. Heffner are associated with the 
General Electric Computer Equipment Department, Phoenix, Ariz. Campbell, a native of 
Winnipeg and a graduate of the University of Michigan, is Manager—GE-600 Develop¬ 
ment Operating Systems. Cook, Manager—Remote and Time-Sharing Systems, is a 
graduate of Iowa State University and a 14-year veteran with GE. Heffner, Manager— 
GE-600 Programming Development, earned his B.S. at Albright College and his M.S. 
at Lehigh University. All three are members of the ACM. 
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standing program with a few well-defined inter¬ 
faces with the file system and with input queues 
of other system programs, making it easier to 
understand and maintain. GECOS III does not 
treat these programs in special ways. There is a 
single memory space manager, for instance, 
rather than one for user programs and another 
for the system. 

System programs, like any other user program, 
may be suspended and swapped out of memory. 
The important task of accounting for the sys¬ 
tem resources they use is readily accomplished 
since they are charged for processor and I/O 
time just as any user program would be. 

Slave Service Area 

Memory space reserved for possible system 
overlays is essentially dead space much of the 
time, and contributes to a deterioration in effec¬ 
tive memory utilization. 

There always must be enough room for any 
required complement of overlays. If the maxi¬ 
mum space required is not known, the system 
may encounter the disastrous situation of having 
insufficient space in which to load an overlay 
needed to keep the system going. 

In GECOS III, the memory space required 
for overlays is minimized and strictly disciplined. 
A fixed amount of space, called the Save Serv¬ 
ice Area (SSA), is dynamically allocated by pro¬ 
gram for this purpose. Each program in the 
system has an SSA, and when a program is 
brought into memory, all system data pertinent 
to that program is held in the SSA. 

I/O requests by the program are queued in 
tables in the SSA. The SSA also maintains a 
push-down stack for defining the state of the pro¬ 
gram, and as system service function overlays 
are needed, they are loaded into the SSA for 
execution. 

The SSA is adjacent to and below the zero 
address of each program. The SSA addresses 
are -1 through -1024 of the program. The BAR 
setting protects the SSA from user program 
access. System overlays brought into the SSA 
reference data within both the user program 
and the SSA by addresses relative to the BAR 
setting, making it unnecessary to relocate any 
code read into the SSA for execution. 

Approximately one-half of the SSA is used 
for overlay execution. In addition, an automatic 
push-down and pop-up capability for overlays 
was developed in the SSA. If one overlay execut¬ 
ing in the SSA should call another, the first is 
written on a push-down file associated with the 
program. When the corresponding exit is made, 
the SSA is popped up again. Experience has 
shown that most system service functions can be 
accomplished within the SSA without incurring 
the push-down, pop-up overhead. 

Treating system service functions as sub¬ 
routine overlays of the program requesting the 
function has resulted in several advantages: 

1. Coding and checkout of the routines is 
simple and straight-forward. 


2. Multiple requests for the same function 
may be executed in parallel by providing 
each requesting program with its own copy 
of the routine. 

3. In general, a failure in one of these rou¬ 
tines results only in removing the associated 
user program from the system—not in the 
deterioration of the system itself. 

4. The charges for system resources used by 
the function can be applied directly to the 
requesting user program. 

The amount of memory required by GECOS 
III is exactly the length of the share core moni¬ 
tor plus 1024 words per program in memory. 
The system always knows if it has space for 
another program. 

In addition to solving the space discipline 
problem, the SSA has proved to be the single 
most important concept in GECOS III. Since 
the system data for a program is codified by 
and adjacent to the program, it is much easier 
to determine the status of a program or to sus¬ 
pend program execution in order to move it in 
memory or to swap it out to secondary storage. 
This association of system data and service 
function overlays with their programs also re¬ 
sults in increased multiprocessor effectiveness 
by avoiding the memory interface problems 
which are incurred when such data and sub¬ 
routines are pooled and under a common mem¬ 
ory controller. 

File System 

Basic to the organization of GECOS III is 
a file system comprised of a permanent on-line 
data base, with security protection, and access 
control. 

The design of the file system was strongly 
influenced by considerations of system safety 
and maintainability. The list-structured physical 
space definition was discarded, for example, be¬ 
cause of the complexity and time required to 
reconstruct such a base if the list pointers were 
accidentally destroyed. 

Logically, the file system consists of a master 
catalog which identifies each user known to 
GECOS. Within the master catalog are pointers 
to catalogs for every user. The users catalog 
may define files, or may in turn name and point 
to still lower level catalogs. Accounting informa¬ 
tion for the time-sharing system also is kept in 
the master catalog. 

To identify a file in the system, a string of 
names is given, beginning with the user name 
in the master catalog. Each successive name, in 
turn followed by the file name, defines the file. 
At any point in this string of catalogs, except 
for the master catalog, passwords or permissions 
may be invoked. 

Any file or catalog in the file system may be 
read, written, appended to, or executed. The 
owner of the file or catalog may specify who 
may have each of these four types of permis- 
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Systems Analysts 

Programmers 

Mathematicians 

UPTIME 
YOUR CAREER 

at 

DIA 

Switchover to Defense Intelligence Agency. DIA's mission 
is to strengthen a worldwide intelligence base which pro¬ 
vides immediate and precise information on military 
ground, naval, air, missile and space forces. DIA's re¬ 
ports affect the nation's most vital policies. 

We seek computer professionals for positions that will 
satisfy your most sophisticated requirements in: 


HARDWARE: Latest on-line, remote access, multi-program¬ 
ming and time-sharing 3rd generation 
equipment. 

SOFTWARE: Challenging assignments in: Complex systems 
analysis, design and programming . . . De¬ 
sign of special purpose mathematical, geo¬ 
graphical search programs . . . Development 
and maintenance of intelligence data han¬ 
dling files, management files and scientific 
systems on all size computers . . . Utiliza¬ 
tion of mathematical queuing theory and 
modeling/simulation systems. 

DIA provides lucrative starting salaries, regular pay in¬ 
creases, liberal vacation and holiday policies, compre¬ 
hensive medical coverage and retirement program. In 
short, you get all the Federal employment benefits . . . 
without the requirement of Civil Service Certification. (You 
must be a U.S. citizen and are subject to thorough back¬ 
ground inquiry and physical examination.) Important 
bonus: DIA training will keep you current with the state- 
of-the-art. 

Capitalize on your capability and creativity. Send us your 
resume or Standard Form 57 (application for Federal em- 
ployment) and start enjoying more uptime in your career. 
Write: 


DEFENSE 
INTELLIGENCE 
AGENCY 


CIVILIAN PERSONNEL DIVISION 


Room 2E-239, The Pentagon 
Washington, D. C. 20301 

An equal opportunity employer M&F 


sions. In traversing a catalog string, the permis¬ 
sions are checked at each level, and if the inter¬ 
rogator has been denied the permission he seeks, 
he is not allov/ed to compete the reference. 

When a user asks for a file,he must state what 
activity he has in mind. Safeguards in the sys¬ 
tem prohibit a user from asking for one type of 
permission and then using the file in another 
manner. The file system allows any number of 
users to read or execute a file at one time, but 
will not allow anyone to write or append a file 
if someone else is referencing it. 

Space on each device in the file system is 
divided into an area for file space, an area for 
catalogs, and a small area for diagnostic blocks 
reserved for the exclusive use of the test and 
diagnostic system. By dividing the space in this 
manner, it is possible to inventory the avail¬ 
able file space on a device simply by reading 
the catalogs. This may be done without refer¬ 
ence to the catalog structure of the file system 
because of an important restriction in structure: 
No file space within the file system may be de¬ 
scribed from more than one string of catalogs. 

Although the same space cannot be described 
twice, users may share a file. A user can traverse 
the catalog structure of another user and thereby 
access that users files, assuming he has appro¬ 
priate permission and password approval. 

Files within the system may be removable 
devices such as magnetic tapes, or they may be 
space on disc or drum files. Many discs and/or 
drums may be known to the file system. If a 
catalog string passes across devices, however, 
it must do so at the master catalog level. 

For each user in the master catalog, there 
are entries defining how much space he may 
use in the file system. The file system will pro¬ 
hibit an attempt to create files exceeding that 
space limit. 

Files in the file system may be accessed in 
the batch processing, remote batch, and/or 
time-sharing modes. System service subroutines 
allow the user to create and/or purge his cata¬ 
logs and files, and perform miscellaneous func¬ 
tions such as changing permissions and copying. 

The operating system itself is contained on 
files defined within the file system. When the 
system is established, the installation states the 
files that contain the various elements of the 
system. The few special working files needed by 
GECOS are defined similarly by their file sys¬ 
tem names. Various versions of the operating 
system can be held in the file system at one 
time and called as desired. 

I/O Interfaces 

GECOS III provides true device independ¬ 
ence. The I/O structure is defined so that user- 
programs reference logical files and need not 
be concerned with physical device peculiarities. 
Furthermore, association of logical I/O requests 
with a specific device only occurs when the 
physical I/O operation is initiated. Thus, a data 
file can be moved to a diflEerent device whenever 
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Are you the kind 
of programmer who 
wants two years 
of experience 


every six 


Then you’re the kind IBM wants. 

We’ve got a Midwest facility that’s just 
about bursting with opportunity for 
programmers who want to work hard on a 
variety of challenging projects. 

Specifically: You might help us design and 
develop a total package for a new computer 
system. Or design and develop new 
programs for System/360. 

Or work on numerical analysis, engineering 
analysis, mechanical design automation, 
or medical applications in our Computation 
Laboratory. Or find out how good our 
programs are in Program Testing. 

And within surprisingly wide limits set by 
the company, you can move from one group 
to another, adding scope to your 
programming savvy. 

The experience you gain may pay dividends 
sooner than you think. There’s a lot of 
opportunity at IBM, and advancement is 
based on performance, not seniority. 

An ideal place to live. These openings 
are in our growing complex in Rochester, 


months? 


Minnesota. Don’t jump to conclusions about 
this town (pop. 50,000). It has many 
advantages you’d normally find only in a 
big city. The Mayo Clinic and a major 
IBM facility help to give it an unusually 
high percentage of professional residents. 

The school system is excellent (75 percent of 
Rochester’s high school graduates go on to 
college), and there’s an abundance of 
cultural and recreational facilities. You can 
enjoy the Minneapolis Symphony in the 
winter, for example, and three uncrowded 
golf courses in the summer. 

Since Rochester sits in the southern tip of 
the state, it offers a wide variety of sports 
all year round. Typical commuting time 
is 5 to 10 minutes. 

Look into it. If you’re the kind of 
programmer we’re looking for, you could 
catalyze your career here. Send a resume or 
outline of your experience to Robert 
Lewkowicz, IBM Corporation, Dept. UH5-N, 
Highway 52 and Northwest 37th Street, 
Rochester, Minnesota 55901. 

IBM 

An Equal Opportunity Employer 
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necessary. In the case of a magnetic tape file, a 
unit swap results in repositioning the tape reel 
to the same position on the new device. 

Within GECOS, each I/O request produces 
an entry in a threaded list. A list is present for 
each logical device that is to be known in the 
system, and the lists are contained in the SSA 
of each program. In this manner, each I/O re¬ 
quest by a program is tabled in the SSA of that 
program, but the threaded list may wind through 
various programs within the system. 

If a particular device is used heavily, a queue 
of demands on that device will grow; however, 
since there is only a fixed amount of space in 
each SSA, a program bug in one program can 
not saturate the system with spurious I/O 
demands. 

The most important property of these I/O 
queues is that they allow the adoption of selec¬ 
tion strategies which increase the system’s I/O 
throughput. For instance, the drum commonly 
used as secondary storage informs the processor 
of its angular position at I/O terminate. The 
I/O system selects the particular I/O request 
in the drum queue which will minimize rota¬ 
tional delay. Tests show that throughput may be 
more than doubled using this technique. 

An interesting feature of the I/O design is 
the “courtesy call.” Any user program I/O re¬ 
quest may specify that a courtesy call is to be 
paid to a given address when the I/O terminates. 
The operating system interrupts the execution 
of the program to pay the courtesy call as soon 
as it has processed the termination of the I/O 
command. In this way, I/O-bound programs are 
guaranteed processor time to reinitiate I/O re¬ 
quests as soon as a previous request is finished. 
Even in a heavily loaded system, I/O is kept 
running at high speed. The system input and 
output programs use courtesy calls extensively. 

Job Scheduling 

Jobs are entered into GECOS III from on¬ 
line peripherals, remote terminals, and/or time¬ 
sharing terminals. 

Gross requirements are checked against limits 
established by operations through the control 
console. A job exceeding tlie assigned limits is 
set aside and operations is informed. 

Next, a priority is calculated for the job— 
unless a forcing priority is given on the job con¬ 
trol card itself. The calculated priority for the 
job is on the form: P = ^ (Ri *Ki + Ci) where: 
Ri = the amount of system resources of a given 
type demanded by the job; i.e., memoiy, 
disc, drum, etc. 

Ki = multiplicative and additive constants which 
Ci may be supplied by the installation. 

An installation may change the priority calcu¬ 
lation in favor of any type of job. The priorit}’ 
may be set to favor small jobs, for instance, by 
giving a negative Ki to both time and memory 
size. Tape jobs may be favored by giving a 
positive Ki for tapes. 


The priority determines the order in which 
the peripheral allocator attempts to find the 
peripherals for each job. 

Before the peripheral allocator assigns periph¬ 
erals to a program, it verifies that one of the 
following conditions is met: 

1. There is a contiguous area of memory that 
is large enough to hold the program. 

2. The priority of the program is high enough 
to force memory compaction or program 
swap to start the new program. 

3. Not more than N-programs already are 
waiting for memory. 

The effect of these rules is that programs are 
sent to the core allocator until a backlog of 
programs waiting for core is created. Then no 
more peripherals are allocated. The peripheral 
allocator is swapped out of memory, and the 
space it occupied is used to run the programs 
it processed. 

The core allocator assigns memory to pro¬ 
grams after peripheral file allocation is com¬ 
plete. Memory is allocated according to the 
priority established for that program by the 
peripheral allocator. If the priority is high 
enough, the core allocator forces other pro¬ 
grams to be suspended and swapped out of 
memory. For programs of somewhat lower pri¬ 
ority, the core allocator compacts memory so 
that contiguous space is available. For ordinary 
programs, no special action is taken. 

The core allocator gives primary emphasis to 
jobs with small memory requirements; how¬ 
ever, jobs with large memory requirements 
eventually will be chosen in preference to newer 
small jobs. 

Dispatching 

In GECOS III, processors are system re¬ 
sources, allocated to programs for specific time 
quantums to effect program execution. The allo¬ 
cation of processors to programs is called “dis¬ 
patching.” 

The dispatcher gains control in three ways: 

1. At each I/O interrupt. 

2. When the allocated time quantum for a 
program in execution is exhausted. 

3. By voluntary return of control to await 
completion of necessary I/O operations. 

The dispatcher maintains a queue of pro¬ 
grams ready for execution, ordered in the 
sequence to be dispatched. Programs executing 
I/O operations are placed at the top of the 
queue. 

By selecting a new program for execution at 
each interrupt, I/O-limited programs are kept 
active and maximum throughput is achieved. 
When there is a heavy I/O load, the system 
commutes rather rapidly between the programs 
that are performing I/O and gets to the “proc- 
(Continued on page 38) 
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computer 

specialists 



At Grumman, our highly sophisticated digital fa¬ 
cility is comprised of one IBM 7094 11 system, 
one IBM 360/75 system and compatible peri¬ 
pheral equipment. Paralleling this is our modern 
analog facility with 1700 operational amplifiers. 
Modern linkage equipment between the two facili¬ 
ties provides one of the largest hybrid installa¬ 
tions in the U.S. Grumman is an ideal vehicle 
for computer specialists .who find up-to-the-minute 
equipment can materially speed their professional 
progress. Positions are immediately available in 
the following fields: 


DIGITAL PROGRAMMERS 

Time Sharing 

Special Purpose Compilers 
Hybrid and Real Time Simulators 
Large Scale Data Handling Systems 
Management Information Systems 
Monitors, Systems Support 
Engineering and Research Applications 

ANALOG APPLICATIONS ENGINEERS 

Real Time Simulation 
Hybrid Applications 

Analog Applications to Engineering Analysis and Design 
New Techniques and Applications 


To arrange an immediate interview, 
send comprehensive resume 
to: Mr. Jack W. Anderson, 

Manager, Engineering Employment, 
Dept. GR-45 


COMPUTER DESIGN (EE’s Preferred) 

Special Purpose Equipment 
Computer Systems Interface 
Hybrid Equipment 



GRUMMAN 


AIRCRAFT ENGINEERING CORPORATION 
Bethpage • Long Island • New York, 11714 

An Equal Opportunity Employer (M/F) 
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m Practical applications of Opera¬ 
tions and Systems Analysis tech¬ 
niques to internal corporate plan¬ 
ning in the aerospace industry are 
being pressed into service to deal 
with the dynamic growth and fore¬ 
casting requirements which a multi¬ 
tude of planning activities encom¬ 
pass. The Overall Planning Model 
recognizes the usefulness of modern 
systems and computer technology 
and applies lessons learned from the 
scientific developments fostered by 
the industry. Lack of visibility in the 
business environment and evolving 
planning activities require rapid 


Christopher E, Combest 
TRW 

Redondo Beach, California 

James W. Oates 
TRW 

Redondo Beach, California 


analyses to be performed—analyses 
which have imposed intolerable 
workloads on existing methods and 
personnel. The purpose of this arti¬ 
cle is to describe an extensive plan¬ 


ning model and an implementation 
strategy which represent a practical 
systems-oriented approach to keep v, 

pace with the modern planning 

requirements of a large aerospace 
company. 

The data used in developing de¬ 
tailed plans is almost always uncer- v 4 . 
tain. The probability of acquiring 
major contracts, any of which has a 
significant impact on total sales, is 
difficult to estimate with accuracy. 

The sales forecasts that include s- 

these contracts must be analyzed 

with respect to the support required 
in manpower, facilities, and capital ^ 
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equipment. In addition, indirect ex¬ 
penses must be allocated among 
contracts by applying overhead 
rates negotiated before those costs 
are incurred. Since overhead is a 
major cost item, accurate forecast¬ 
ing and planning of indirect ex¬ 
penses becomes critical to the future 
profits of the company. Finally, the 
performance of the company must 
conform with certain overall man¬ 
agement criteria, the most im¬ 
portant of which are measures of 
profit performance and investment 
utilization. 

We have been developing a series 
of analytical planning tools to aid 
in meeting these requirements. The 
primary objective of developing 
these tools was to provide a coordi¬ 
nated overview of the separate and 
diverse planning activities in the 
company. The tools would deter¬ 
mine not only the local eflFect of a 
decision within a certain area, such 
as indirect expense planning, man¬ 
power planning, or facilities plan¬ 
ning, but also the interrelated effects 
of that decision in other planning 
areas. Detailed planning data are 
available in the company but do not 
always reflect the most recent busi¬ 
ness conditions. Therefore, the de¬ 
sign of the system would facilitate 
quick reaction time. The tools would 
supplement detailed plans with ag¬ 
gregate forecasts and utilize the 


outputs of management information 
systems, while having the flexibility 
to operate under continual company 
growth. Secondary objectives were 
to provide each planning group with 
working tools to aid in preparing 
detailed plans, and to facilitate com¬ 
pany planning interfaces by reflect¬ 
ing the adequacy and consistency of 
the data needed to perform the 
planning functions. 

Overall Planning Model 

Achieving these objectives re¬ 
quired the tools to be integral parts 
of an overall model of the planning 
system. The Overall Planning Model 
consists of modular components, 
each of which is a model of a speci¬ 
fic planning area and has data inter¬ 
faces with the other models. Each 
model can be used separately in a 
given planning area or together 
with the others to analyze the total 
system. Basic design characteristics 
of the Overall Planning Model make 
it easy to use and help maintain 
reliability. 

The general form of the Model is 
shown in the diagram, which illus¬ 
trates how the individual models fit 
together to provide various types of 
planning information. This informa¬ 
tion includes forecasts of manpower, 
direct labor expenses, indirect ex¬ 
penses, overhead rates, investment 
requirements, and investment utili¬ 


zation. Only the important flows of 
information are shown in the 
diagram. 

The Overall Planning Model be¬ 
gins with business data inputs to 
the Sales Model which include sales 
backlog, information on major an¬ 
ticipated projects, and other forecast 
information. The primary output of 
this model is a detailed breakdown 
of product line sales, which includes 
profits, negotiated overhead, direct 
labor, and other direct costs. The 
estimate of direct labor is used in 
the Manpower Model to generate 
manpower forecasts for each of the 
operating organizations. Sales and 
manpower data become the primary 
inputs to the Capital Equipment 
Model, Facilities Model, and Re¬ 
lated payroll expense. The Indirect 
Expense Model develops the re¬ 
maining items of indirect expense 
and produces a total forecast for 
each organization. It then uses the 
direct labor estimates in forecasting 
overhead rates. The Investment Uti¬ 
lization Model develops measures of 
return on investment and investment 
turnover on sales for organizations 
and product lines. 

Numerous feedback flows not 
shown on the diagram are important 
in maintaining consistency between 
the models and improving the relia¬ 
bility of the total system. For ex¬ 
ample, the negotiated overhead dol- 
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RAI\D 

UNIVAC 

world 

headquarters 

wants pro¬ 
grammers 

who actually 
like 

programming 

At UNIVAC world headquar¬ 
ters in suburban Philadelphia 
— Blue Bell, Pa., in fact—the 
ennphasis is on people and 
ideas. We know that every 
bit of software springs from 
a human idea. And without 
it, the most sophisticated — 
and the simplest—hardware 
is useless. Here in Blue Bell, 
you might be called from 
your desk to join a team of 
data processing pioneers in 
a discussion of a new idea— 
maybe a revolutionary con¬ 
cept—because that's where 
we live, in tomorrow. 

Want to talk it over? With 
people who like the compu¬ 
ter business as much as you 
do? Then write. Your letter 
will be treated confidentially, 
and you'll get a prompt reply. 
The address: L. G, Holliday, 
Senior Employment Repre¬ 
sentative,UNIVAC Data Proc¬ 
essing Division, Dep't D111, 
Box 8100, Philadelphia, Pa. 
19101. 

Write today and make an 

appointment with tomorrow 

UNIVAC 

DATA PROCESSING DIVISION 

ATT. L. G. HOLLIDAY 

SENIOR EMPLOYMENT 
REPRESENTATIVE 

BOX 8T00, PHILADELPHIA, PA.T9T0T 

An equal opportunity employer M/F 


lars in a sales figure must be con¬ 
sistent with the forecast of overhead 
rates. When these do not agree, con¬ 
sistency can be maintained by ad¬ 
justing the forecasted indirect ex¬ 
penses, changing the anticipated 
profits, or renegotiating the over¬ 
head rates. Another feedback which 
afiFeets the sales forecast is a man¬ 
power hiring constraint determined 
in the Manpower Plan Model. 

Several characteristics are com¬ 
mon to all of the models. Each can 
serve functional planning areas as 
a working tool to perform detailed 
calculations, because the logic and 
arithmetic processes used in the 
computer closely parallel existing 
manual procedures. The models’ op¬ 
eration is flexible with regard to the 
quantity of data inputs required. 
Data manipulations are performed 
on a quarterly basis, but optional 
time-phasing routines are available 
if the user wishes to supply data on 
an annual basis. Also, forecasting 
routines using historical data are 
available to project the detailed 
breakdowns of basic planning vari¬ 
ables such as the labor categories 
within total manpower. 

The historical data used in the 
models are stored on magnetic tapes 
and are updated each quarter as 
actual figures become available. The 
forecasts are automatically updated 
by substituting the most recent ac¬ 
tuals into the forecasting equations. 
The models are configured as a se¬ 
ries of subroutines, each of which is 
called by a central control program 
according to a sequence that is 
specified by the user. A multiple 
run for each model seldom uses 
more than two minutes of computer 
time, and the user will often call 
only one or two of the available sub¬ 
routines to accomplish a specific 
task. 

The Indirect Expense Model, Re¬ 
lated Payroll Expense Model, and 
the depreciation calculation program 
in the Capital Equipment Model are 
currently operational and are being 
put to use by central planning 
groups and individual budget plan¬ 
ners throughout the company. The 
design and implementation of these 
sections was completed in approxi¬ 
mately two man years by a group of 
business-oriented systems analysts. 
Programming required another one- 
half man year, and because this was 
done by another group, the famili¬ 
arity of the system designers with 
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Because of its overwhelming popularity 
in September and November 
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GOES MONTHLY IN MARCH 


And with each ensuing issue you will find: 


• More editorial material and departments. There will continue 
to be feature articles dealing with the new and effective 
approaches to unusual as well as familiar problems and 
applications of EDP. These articles are written by leading 
programmers and analysts in the country who are actively 
working in the profession. We welcome any of your company’s 
articles which fit the Software Age editorial format. 

• More new product news. In the first two issues of Software 
Age our new products announcements drew more than 3,000 
inquiries. This indicates an exceptionlly high reader interest 
in this Software Age department and a powerful vote of confi¬ 
dence for the Reader Service Response system. If your com¬ 
pany has a product of great interest to the software field, tell 
us and we will be sure to spread the word through our new 
products department. 

• An ever increasing circulation. Software Age premiere issue 
was distributed to over 65,000 software people. Since then, 
over 13,000 requests for subscriptions have come to us.* If any 
of your friends still are not receiving Software Age, have 
them fill out the blue circulation cards inserted in this issue. 


* We can notv boast that Software Age has a current circulation of 
more than 78,000—greater than most publications in the EDP industry. 
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SOFTWARE 

SYSTEMS 

ANALYSTS 

and 

REAL-TIME 

SYSTEMS 

ANALYSTS 

(Southern California) 

We are embarking on the de¬ 
sign and fabrication of an entire 
family of next-generation com¬ 
puter systems directed at the 
military command and control 
environment. Modularity of both 
hardware and software is the 
keystone of this real-time, multi¬ 
processor systems configuration. 
We need qualified personnel to 
participate in the hardware 
definition and in addition, spe¬ 
cify, design and implement the 
software support systems. 

Major program systems to be 
provided include: 

FLOATING EXECUTIVE AND 
MONITOR SYSTEMS, ASSEM¬ 
BLERS, COMPILERS, SIMULA¬ 
TORS, UTILITIES AND SERVICE 
ROUTINE. 

These outstanding positions re¬ 
quire a degree from an accred¬ 
ited college and U. S. citizen¬ 
ship. All experience levels will 
be considered. 

For immediate consideration, 
please airmail your resume to: 

MR. ROBERT STIPP 

HUGHES I 

I-1 

HUGHES AIRCRAFT COMPANY 

P. O. BOX 3310-S 
Fullerton, California 92634 

Equal opportunity employer — M&F 


the language (FORTRAN IV and 
the equipment (7094-11) was help¬ 
ful in designing and debugging the 
programs. Much of this program¬ 
ming time was due to redesign of 
the models in response to feedback 
from users who were able to clarify 
their needs only after using the tools 
in an actual planning exercise. 

Implementation Strategy 

Because the Overall Planning 
Model represented an advanced ap¬ 
proach with many concepts new to 
company personnel, the implemen¬ 
tation strategy was as important to 
the success of the model as the sys¬ 
tem design. The strategy stressed a 
modular approach to problem solv¬ 
ing, simplicity and clarity of design, 
and encouragement of participation 
by potential users in the develop¬ 
mental process. 

The modular construction of the 
system was defined such that the 
boundaries on individual models 
corresponded with planning function 
lesponsibilities. This organization 
tended to minimize data interfaces 
and overlapping functions among 
the models. Thus, each could be 
analyzed independently as a sepa¬ 
rate problem, and quick, tangible 
results were achieved by applying 
a concentrated effort to one prob¬ 
lem at a time. These results encour¬ 
aged user confidence and participa¬ 
tion in the modeling effort. In addi¬ 
tion, the experience gained by the 
analysts from problems encountered 
in the development and implemen¬ 
tation of one model carried over to 
the design of subsequent models. 

User involvement was also encour¬ 
aged by the participation of the 
analysts in the activities of each 
planning group. This participation 
led to applications of other plan¬ 
ning tools, such as a sorting and tab¬ 
ulation program to summarize man¬ 
power planning data, a financial 
model to determine the profitability 
of a new product line, and a model 
for determining optimal bidding 
strategy. Close lines of communica¬ 
tion and good working relationships 
were instrumental in eliciting the 
cooperation of the various groups 
in the company who provided valu¬ 
able data for use in the models. 

The design of the system itself 
encouraged cooperation and partici¬ 
pation. The use of familiar terminol¬ 
ogy, processes that paralleled exist¬ 
ing manual systems, and a gradual 


MARKET 

ANALYST 

Honeywell’s Photographic Divi¬ 
sion, located in Denver, needs 
a take-charge Market Analyst. 
Heavy experience in sales fore¬ 
casting, marketing research tech¬ 
niques and computer techniques 
in analysis and math model 
areas is necessary. We can offer 
a beginning salary of $9,500— 
11,000 and provide you with 
challenge and opportunity for 
personal growth. 

A minimum of three years’ ex¬ 
perience in a consumer products 
company and a degree are also 
requisites. Forward resume and 
salary history in confidence to: 

Ron Moore 

Honeywell, Inc. 

4800 East Dry Creek Road 
Denver, Colorado 80217 

An Equal Opportunity Employer 
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introduction of sophisticated tech¬ 
niques achieved simplicity and clar¬ 
ity in the models. This accelerated 
the assimilation of the system among 
company personnel by reducing the 
amount of learning required and by 
avoiding confusion and possible neg¬ 
ative reaction to procedural changes. 
There was, in fact, very little nega¬ 
tive reaction to the modeling activi¬ 
ties, probably because the personnel 
in the company were accustomed to 
computer applications in scientific 
problems and rapid technological 
change. 



TRW scientists are deeply involved in 
planning, designing and manufactur¬ 
ing many types of U. S. spacecraft, 
space communications and space pro¬ 
pulsion systems. 

Summary 

The design of the Overall Plan¬ 
ning Model and the strategy used 
in its implementation combine to 
form a practical solution to the 
problem of financial planning in a 
rapidly changing environment. Mod¬ 
ular construction provides the capa¬ 
bility to analyze the limited effects 
of a decision in one planning area 
or the broad, interrelated effects of 
that decision in other areas. Other 
design characteristics make the 
model reliable, easy to use, and 
adaptable to perform routine calcu¬ 
lations for individual planning per¬ 
sonnel. The implementation strategy 
was important in stimulating the 
interest and involvement of poten¬ 
tial users, which led to constructive 
feedback and useful modifications 
in the models. The success of the 
Overall Planning Model is most 
clearly demonstrated, however, by 
the actual applications it has 
achieved throughout the company. ■ 


— 

Outstanding Opportunities In 


MANAGEMENT SCIENCE 

AND MANAGEMENT 
INFORMATION SYSTEMS 


Because of our rapid growth and diversification, we need trained, 
experienced and capable people for a number of positions that are 
available right now in management science and management infor¬ 
mation systems. If you are qualified, you should investigate these 
outstanding opportunities with us in Cleveland, Ohio. 


• SYSTEMS DESIGNERS—BA or BS required but experience is more impor¬ 
tant than curriculum. Two to five years' experience in EDP systems design, 
analysis and feasibility studies. Will plan and conduct various research 
and analytical studies. Must have the ability to direct and coordinate the 
efforts of others. Position offers opportunity for growth. 

• SENIOR SYSTEMS ANALYST—BA or BS required. Two to five years' experi¬ 
ence In EDP systems analysis and feasibility studies. Will assist in systems 
design and perform analysis on EDP systems for the operating depart¬ 
ments of the Company. Position involves ability to teach others, evaluate 
performance and supervisory responsibility. Project assignments are varied 
and provide opportunity for technical growth. 

• SOFTWARE SPECIALIST—BA or BS desired. Two or more years' experience 
with IBM 360 OS or DOS operating systems. Will develop and maintain 
operating software, telecommunications, and special programs. Also, will 
coordinate and teach the effective use of software to the applications pro¬ 
gramming staff. 

• COMMERCIAL PROGRAMMERS—BA or BS desirable but not required. One 
to four years' experience with IBM 360 using COBOL or BAL. To work on a 
staff which Is developing many new large-scale systems for IBM 360/50, 
using tape, disk, telecommunications, CRT and other equipment. 

• OPERATIONS RESEARCH SENIOR ANALYST-PhD In Chemical Engineer¬ 
ing. Two or more years in Operations Research. Acts as Project Leader, to 
provide technical supervision on OR/MS projects which are aimed at pro¬ 
viding management with better methods for designing, operating, and/or 
controlling specific areas of the Company's total operation. 

• SENIOR ANALYST—Strong in finance or Linear Programming. MS or MA 
preferred. Two or more years In Operations Research. Assists Project 
Leader as a team associate in suggesting, planning and conducting OR/MS 
studies to provide a scientific basis for Management decisions concerning 
problems involving physical and/or business aspects of the Company's 
operations. Occasionally acts as project leader. 

• TECHNICAL PROGRAMMER—BA or BS desirable. One to four years with at 
least one year IBM 360 or 7044 FORTRAN. Develops large and/or difficult 
computer programs and Procedures for implementation of systems, sub¬ 
systems, and solutions for complex engineering and technical problems, 
as well as statistical problems where solutions depend upon mathematical 
presentation of the problem. 


Sohio is IBM's largest commercial customer in the Cleveland Area and is presently 
involved In the design of corporate-wide, integrated management information systems. 

We are a highly diversified oil company with strengths in marketing, research, and 
long-range planning: 

We are the leading petroleum marketer in Ohio. Our sales equal the combined total 
of the next four oil companies! 



Our patented single-step acrylonitrile process accounts for over 75% of the 
free world's supply! 

The company's profit has risen 135% In the last four years! 

MAIL YOUR RESUME NOW 

in strict confidence, stating education, experience, and 
salary requirements to: 

Elwood G. Glass, Jr. 

Mgr., Technical and 
Professional Recruitment 
1870 Midland Building 
Cleveland, Ohio 44115 

THE STANDARD OIL COMPANY (OHIO) 

An Equal Opportunity Employer — M & F 
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EDP booklet 

FREE 


How to write a technical resume 

• Tells the function of a resume. 

• Tells how you con capitalize on a better 
understanding of the purpose of your 
resume. 

• Tells: 

How to describe your position objective. 
How to summarize your qualifications 
in EDP. 

How to communicate your experience 
In EDP. 

How to include supplementary infor¬ 
mation. 

For your free copy of "How to write a 
technical resume" circle reader service card 
10. There is no obligation. 

CALLAHAN CENTER 
FOR COMPUTER PERSONNEL 

Boulevard Bldg. 

\ Suite 414 

1819 John F. Kennedy Blvd. 

Philadelphia, Pa. 19103 
Phone (215) L07-4811 

• Fee paid positions 

• Strict confidence 

• Night and Saturday interviews 

• Resume dictation service 

• Weekly review of resumes for one year. 

• We specialize exclusively in EDP place¬ 

ment. 

You’re "on line" with the 
Callahan Center for Computer Personnel. 
(FOR MORE INFORMATION CIRCLE NO. 10 
ON THE READER SERVICE CARD) 


NEW INSTALLATIONS 

(Continued from page 6) 

Toronto, the firm announced this as 
the first of many expansions through¬ 
out the area. 

■ ■ ■ 

Ohio Bell Telephone Company is 
completing the installation of a $2 
million UNIVAC 494 Real-Time 
Computer System. Located in 
Cleveland, more than 200 teletypes 
in various operating departments 
will be connected with the systems. 
In addition to the central process¬ 
ing unit and its 65,000 word core 
memory, the system will also in¬ 
clude two FH-432 and FH-880 high¬ 
speed memory drums, four FAST- 
RAND II mass storage memory units, 
eight UNISERVO VIII-C magnetic 
tape units, one UNIVAC 1004 Card 
Processor and three communications 
sybsystems. The entire system has 
been designed to enable customers 
to obtain immediate information 
about his account and to provide 
operating departments with infor¬ 
mation on telephone equipment in¬ 
ventories held by the various cus¬ 
tomer accounts. 
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TcEim up for 
a Qrowing 
Career* 

We have 7 IBM 360's (models 50'40'30) in 
our Information Processing Center. That means 
we have an immediate need for: 

Software Specialists & 
Professional Programmers 

Won’t you explore the opportunity to join our 
expanding team? 

Contact: M. K. Fenwick (312) 467-4941 

MONTGOMERY WARD 
DATA CENTER 

6th Floor, 140 South State Street, Chicago, Illinois 60603 '' 


UJ 

PORTABLE 

DRAFTING 

MACHINE 

for 

HOME 
★ OFFICE 
★ PLANT 
'k FIELD 
★ TRAVEL 



No longer need you struggle with 
loose T-square, triangles, protractor 
and scales when you want to make 
precise sketches in-plant, in-flight, 
in the field or at home. The 
DRAFTETTE® gives you the familiar 
convenience of your office board in 
compact, portable form. The #9-B 
provides interchangeable 6 x 9" 
scale, 360° protractor reading in 
5° increments. Scale calibrated in 
16ths or in 50ths and millimeters 
(specify scale desired in ordering). 
May be purchased ready-mounted 
on 16x21" light-weight board or 
unmounted to attach to your own 
board or to a pad of paper. When 
not in use, can be folded like a 
jack-knife to fit inro desk or brief¬ 
case. 

#9-B—Including Board ....$18.00 
#9—Same without Board 15.00 

Extra Scales . 4.50 

Carrying Case for #9-B .. 2.25 

SCIENCE/SYSTEMS 
P. O. Box 1176, Evanston, Ill. 60204 
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E/O RESUME CENTER 

AMERICANA HOTEL, NEW YORK CITY 
MARCH 17-20, 1968 


Engineemng Opportunities magazine, a companion publication of Software Age, 
is sponsoring a free employment center during the upcoming IEEE Show in New 
York City, March 18th-22nd, 1968. The E/O RESUME CENTER will be located 
at 52nd and Rroadway in the Regency R allroom of the Americana Hotel. The cen¬ 
ter opens on Sunday, March 17th at 3:00 PM and will continue to be the hub of 
employment activity through Wednesday, March 20th until 12:00 noon. 

Your job is simple. You follow the same procedure at the center that you do 
in Software Age —but on a highly accelerated basis. At the center, you fill out 
the resume form offered there and give it to an E/O employee who will imme¬ 
diately provide you with as many free photocopies of it as you require. The resume 
form includes blanks where you enter your hotel, telephone and room numbers. 

You personally deposit them in the lock boxes of those companies which inter¬ 
est you. Over 100 of the nation’s leading employers will be seeking program¬ 
mers, mathematicians, analysts, engineers and scientists at the E/O Resume Center. 

Only the participating company representative has access to the lockbox. At his 
convenience, he can take the resumes to the privacy of his room, examine them and, 
if interested, contact you at your hotel to arrange an interview. 

The entire operation of the RESUME CENTER is designed to provide speed, 
convenience, simplicity and maximum confidence with no middlemen involved. 

You determine exactly the companies you want—no others will see your resume 
or know of your interests. You can relax, enjoy the convention while you know 
your resumes are working for you! 

The RESUME CENTER is FREE. There is no charge to you or the company 
for this valuable service. The resume center is sponsored solely by the adver¬ 
tisers in Engineering Opportunities magazine. 

/o resume center 

AMERICANA HOTEL, NEW YORK CITY 
MARCH 17-20, 1968 

Service For You. 

















K Larry Paulson is so 
far below average, 
howcome we just gave 
him another promotion? 


Twenty-seven year old Larry Paulson is talented, 
resourceful and technically sound. Since he’s been 
with Control Data, he’s racked up three promotions 
and is now Supervisor of Software Development 
for one of our major divisions. Yet he’d be the first 
to tell you that, in one respect, he’s far below 
average. In age. For the average age of our technical 
population here is twenty-nine. 

But then, we’ve never been ones to let age come 
before talent. Look at these examples: The General 
Manager of our Development Division is thirty-six; 
our Chief Engineer for Computer Development is 
thirty-four; our Assistant Treasurer is thirty-two; 
our Vice President of Administration and Personnel 
is thirty-five; our General Manager for the Control 
Data Institutes is thirty-four; one of the five Regional 
Sales Managers is thirty-four; complete responsi¬ 
bility for development of our 6600 computer, the 
world’s biggest, fastest and most powerful, went to 
one of our people when he was thirty-three. 

These may be exceptional people, but at Control 
Data they found proving it exceptionally easy—and 
so will you—mostly for these two reasons: 

The first is our rapid corporate growth that makes 
opportunity inevitable. Growth, based these days 
on our growing diversity of interests throughout 
the computer field and on our many unique and 
startling technical successes. 


The second is the way our decentralized approach 
to organization puts you on the firing line; gives you 
as much responsibility as you can handle; and so 
lets you prove your readiness for one big opportunity 
after another. 

But, whatever your age, the advantages of a career 
at Control Data are far, far, above average. Don’t 
you think it’s time you started enjoying them? 

Send your resume or write for full information to: 
Thomas Linklater, Dept. S-1, Control Data 
Corporation, 8100 34th Avenue South, 

Minneapolis, Minnesota 55440. 

An equal opportunity employer. 


CONTROL DATA 

CORPORATION 


We deliver what 
others promise. 









James K. Ryan 
Gerald M. McDonough 


■ Large scale products of IBM’s 
System/360 call for extensive and 
complex test facilities whose opti¬ 
mum use must be maintained by the 
Production Control people who 
schedule these facilities. Each of 
these IBM computing systems must 
undergo an exacting series of sys¬ 
tems tests before it can be shipped 
to a customer. However, a system 
cannot be scheduled for systems test 
until a test area, designed to accom¬ 
modate its particular size and com¬ 
plexity, is made available. 

Systems test schedule charts, 
which are Production Control’s road¬ 
maps for scheduling the use of multi¬ 
ple test areas, have traditionally been 
prepared by hand. They were often 
out of date before they were released 
to manufacturing managers and they 
were usually both costly and time- 
consuming to prepare. 

A solution to this problem was 
developed jointly by the Informa¬ 
tion Systems Development and Pro¬ 
duction Control organizations at 
IBM’s Systems Manufacturing Divi¬ 
sion plant in Kingston, N. Y. Mem¬ 
bers of this group created computer 
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programs, written in 1130 Fortran 
IV, which quickly and economically 
generate a systems test schedule 
chart using an IBM 1130 computer 
system (Figure 1). 


The system takes bulky flow 
charts, easel pads, and multi-colored 
magic markers out of the hands of 
the Production Control scheduler 
and places at his disposal one deck 


Figure 1.—Co-author James Ryan, left, and a member of IBM Kingston's Information Systems 
Development organization, review a systems test schedule chart printed out by the IBM 1130 
computer for Production Control people. 
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James K. Ryan is a senior associate 
systems analyst in Information Sys¬ 
tems Development at IBM’s Systems 
Manufacturing Division plant in Kings¬ 
ton, New York. 



Gerald M. McDonough is Planning 
and Scheduling manager in the Mate¬ 
rials Planning and Control organiza¬ 
tion at IBM’s Systems Manufacturing 
Division plant in Kingston, New York. 




of IBM cards on which he is able to 
handle all the required data about 
the systems and the test areas. 

Using the information contained 
on these cards, the IBM 1130 com¬ 
puting system can generate the fol¬ 
lowing information: 

• The systems test schedule chart. 

• A weekly or monthly summary 
for each system type scheduled for 
test. This summary lists the number 
of each system type scheduled to 
start systems test, how many systems 
are currently in test, and the num¬ 
ber of systems scheduled to be 
shipped. 

• A list of schedule changes 
which supersede specific information 
carried on the previous chart. 

• A legend to explain the symbols 
used on the test schedule chart (e.g. 
model type, advance planning, re¬ 
served areas, etc.). 

Three programs were written by 
Information Systems Development 
people so as to provide more effi¬ 
ciency and greater flexibility in 


developing copies of the test sched¬ 
uling charts. If a need exists, the 
user may address each of the pro¬ 
grams separately. 

Date heading generator program. 
The Date Heading Generator Pro¬ 
gram takes one input card contain¬ 
ing the beginning and ending dates 
of the scheduled testing period and 
develops actual working dates which 
will be required to generate indi¬ 
vidual system test cycles. This pro¬ 
gram contains two tables. The first 
table displays the possible work 
days in any month (7 entries). The 
second, which is maintained by the 
materials control scheduler, will rec¬ 
ognize the proper Table 1 entry for 
each month—per year—and any 
holidays which might occur in that 
month. Presently, this second table 
will be able to accommodate entries 
for three years. 

The Date Generator Gontrol Gard 
(Figure 2) defines the extent of the 
schedule period (beginning and end 
dates) and which of two schedule 
formats should be prepared by the 


Date Generator program. The first 
of these is the current year format. 
In this format, the first 13 weeks are 
listed, with each work day identified. 
This is followed by the remaining 
nine months of the year, with each 
Friday identified. The second format 
provides for a planning period of up 
to 22 months with each Friday date 
being indicated. 

The system test schedule portion 
of the program output is developed 
in multiples of five columns (or posi¬ 
tions). A period is inserted in the 
fifth position of each month contain¬ 
ing four Fridays or, whenever a holi¬ 
day occurs in the daily portion of 
the current year format. 

The Date Heading Generator pro¬ 
gram is also used to develop a table 
which identifies the “print” position 
of each date of the requested chart 
period. This table, as well as the 
schedule formats, are used by a 
Schedule Ghart Developer program 
to either load the data on the “dedi¬ 
cated” IBM 2315 disc cartridge or, 
at the discretion of the user, key¬ 
punch the data on cards. 
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GENERAL PURPOSE CARD PUNCH LAYOUT 



Figure 2.—The Date Generator Control Card defines the extent of the schedule period (begin¬ 
ning and end dates) and which of two schedule formats should be prepared by the Date 
Generator program. 


Schedule chart developer pro¬ 
gram. The Schedule Chart Devel¬ 
oper program performs audits to 
ensure that each of Kingston’s com¬ 
puter systems is properly identified 
for easy recognition, scheduled for 
test within the proper time period 
and assigned to a systems test area 
which can adequately accommodate 
it. This program uses the selected 
output of the Date Heading Gener¬ 
ator program, plus the system sched¬ 
ule cards to create system test sched¬ 
ule lines and system test identity 
lines (Figure 3) for each system 
test area. 

A System Schedule card (Figure 
4) is created for each computer sys¬ 
tem scheduled to undergo systems 
testing. This card contains the iden¬ 
tity of the system, the date on which 
systems testing is to begin, the 


scheduled shipping date, the mem¬ 
ory size and the power required (if 
other than 60 cycles). The card also 
carries its own issue date. When 
this date matches the date of which 
the Schedule Chart Developer pro¬ 
gram is run by the IBM 1130 com¬ 
puting system, data contained on 
the schedule card is added to a 
change list. This information is 
loaded on a disc cartridge in a man¬ 
ner similar to the system test sched¬ 
ule lines and system identity lines. 
When the last test area schedule 
has been loaded, the program auto¬ 
matically develops a summary report 
format for each model type of the 
system being tested. 

In the event that some of the audit 
parameters are exceeded, the spe¬ 
cific condition of the parameter and 


the system involved are noted on 
the console typewriter of the IBM 
1130. The program, if possible, con¬ 
tinues by accepting the next system 
schedule card. Several error condi¬ 
tions can be easily recognized on a 
single program run. The user can 
correct conditions which are listed 
on his console sheet by printing 
whatever information is available on 
the disc cartridge. 

Once the complete schedule chart 
has been generated, changes may be 
made to the data on the disc car¬ 
tridge by using system schedule 
cards for only those computer sys¬ 
tems being changed or relocated, if 
the time period for the schedule re¬ 
port remains unchanged. 

Schedule chart generator pro¬ 
gram. The Schedule Chart Genera- 
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Figure 3.—The Schedule Cart Developer program uses the selected output of the Date Heading 
Generator program, the system schedule cards to create test schedule lines and system test 
identity lines for each system test area. 
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We are the leading Personnel and 
Management Consultant Organiza 
tion concerned with EXCLUSIVE 
placement of Data Processing Per¬ 
sonnel. Our extensive search facil 
ities and specific recruiting place 
us m a unique position to fulfill 
the requirements of employers of 


Data Processors. Your application 
is processed by E.D.P. Specialists 
who know the industry, its needs 
and WHERE THE OPPORTUNITIES 
EXIST. All fees are paid by the 
hiring company: there is no charge 
to the individual. Please contact 
us at any of our offices. 


EMPLOYMENT FOR 
DATA 

PROCESSORS 


& 


140 BARCLAY CENTER 

CHERRY HILL, NEV/ JERSEY 08034 

609/428-7238 


ARE YOU 

tired of using third generation hardware to implement 
second generation systems for first generation users? 

WHY NOT 

get in on the ground floor as we cross the threshold of 
a major systems development effort encompassing an in¬ 
novative manufacturing control system, a nationwide tele¬ 
processing network and new concepts of quantitative 
management tools? 

YOU CAN, 

by having 2 years of programming or systems analysis 
experience including knowledge of IBM System/360, OS, 
DOS, or COBOL, and a degree or equivalent. 

WE CAN 

offer you attractive starting salary, professional atmos¬ 
phere in which to continue to develop and advance your 
career, full range of benefits including profit sharing and 
relocation expense. 

Please send resume to Mr. R. L. Pugh, 

Manager, Professional Placement. 

Bell & Howell Co. 

PHOTO PRODUCTS GROUP 
7100 McCORMICK ROAD 
CHICAGO, ILLINOIS 60645 

(IINCOLNWOOD) 

An Equal Opportunity Employer 
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KINGSTON SCHEDULE CARD - (CCOP) 



Figure 4.—A System Schedule card is created for each computer system scheduled to undergo 


systems testing. This cc 
is to begin and other ii 


tor program will print copies of the 
systems test schedule format (Fig¬ 
ure 3) from the information that 
has already been loaded on the disc 
cartridge by the Schedule Developer 
program. A special tw^o-part paper 
stock, with a hard carbon insert, is 


contains the identity of the system^ the dote 


used SO that readability of the chart 
will not be affected by continuous 
handling. The paper has alternating 
light green and dark green columns 
at 10 columns to the inch so that 
each printed character will center 
in its own column. Every five col¬ 


which systems testing 


umns are separated with a dark line 
so that each week or month will fall 
within its own block. Column 76 is 
designated by still a darker color. 
This column separates individual 
weeks from months on the current 
year format. 


CREATIVE PROGRAMMERS 

SYSTEMS MARKETING 

Challenging Positions In: 

★ Hybrid Development 

★ Real Time Systems 

★ Message Switching 

★ Simulation and Modelling 

★ Hardware/Software Marketing 

Reply In Confidence To: Mr. Byron Thompson 

EDWARDS ASSOCIATES, INC. 

1001 15th Street, N. W. Washington, D. C. 20005 

(202) 628-6181 


SYSTEMS ANALYSTS 

Teleprocessing, EDP Systems, 
Quality Control, Procedural Writers 

The largest single state writer of automobile insurance needs 
experienced personnel for EDP systems in operation now— 
360/M30 and 360/M40’s, with 360/M50’s, 2314’s and 2321 
on o'^der. 

Call or Write: D. E. SCHMEISER 

AUTOMOBILE CLUB OF MICHIGAN 

Detroit Insurance Exchange 

150 Bagley, Detroit, Michigan 48226 
(313) 963-2911, Ext. 311 
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• Programmers 

• Analysts 

• D. P. 
Management 


CLIENT 
COMPANIES 
ASSUME 
OUR FEE 


Fast, 

Efficient, 
confidential 
service to 
individuals 
seeking new 
positions in 
the field 
of data 
processing. 
Call, write 
or visit one 
of our 
offices. 

Data 

Processing 
Placement 
since 1959. 


Computer Personnel 
Agency, Inc. 


KENT MURPHY 

12 Geary Street, San Francisco, Calif. 
Phone: 982-0840 

NATIONWIDE DATA PROCESSING 
OPPORTUNITIES 


Figure 5.—A Summary Report is printed on 
the page which follows the lost test area to 
be scheduled for use. 


The date heading and page num¬ 
ber are printed at the top of each 
systems test schedule chart, followed 
by the number of the test areas 
which can be accommodated on a 
page. A symbol legend is located 
at the bottom of each schedule page. 

A Summary Report (Figure 5) is 
printed on the page which follows 
the last test area to be scheduled for 
use. This report, in turn, is followed 
on a succeeding page by the change 
list. This list permits the user to 
easily identify any system which 
may have test data which is differ¬ 
ent from the information listed on a 
prior schedule chart run. 

The computer generated systems 
test schedule chart has significantly 
reduced the time it takes to obtain 
systems test information. It has 
helped IBM manufacturing man¬ 
agers to maintain more efficient and 
effective use of its systems test 
areas. ■ 


Management Systems 
Analyst-Programmer 

Participate in the development 
of advanced concepts of man¬ 
agement information systems 
using the latest Hardware and 
Software development. Degree 
required. 

Current projects include opti¬ 
cal character recognition, graphic 
display, remote terminals and 
mass storage. Opportunities 
exist for rapid personal and pro¬ 
fessional growth. Independent 
thinking and creativity are pre¬ 
requisites. 

Lawrence Radiation Labora¬ 
tory, located in the Livermore 
Valley adjacent to the San Fran¬ 
cisco Bay Area, is operated by 
the University of California for 
the Atomic Energy Commission. 
Our facility is engaged in many 
phases of nuclear energy re¬ 
search. 

For further information 
contact Mr. Ron Korner 
at the Personnel De¬ 
partment, P. O. Box 808 
65-18, Livermore, Calif. 
94550. 
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UNIVERSITY of CALIFORNIA 
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SCHEDULING 


This article discusses two scheduling 
methods which can provide maximal 
computer throughput in a muliipro- 
gramming fixed partition size environ¬ 
ment. The scheduling problem is ex¬ 
pressed as a linear or nonlinear pro¬ 
gramming model dependent on the 
type of scheduling control desired. 
The models are developed for a two 
partition system, but can be extended 
to any number of partitions. The solu¬ 
tions can also be used to reflect speci¬ 
fied or optimal partition sizes. 


■ Multiprogramming is a concept 
which attempts to utilize the com¬ 
puter s capabilities by making them 
available to two or more programs 
simultaneously. In this environment, 
the program ordering and partition 
assignment influence the computer 
throughput. This article is concerned 
with optimal scheduling policies for 
a specific multiprogramming tech¬ 
nique. For the technique considered, 
the available core is segmented into 
n program locations or partitions, 
which need not be of equal size. 
The CPU (Central Processing Unit) 
can be utilized by only one partition 
at a time, and it is therefore neces¬ 
sary to have a priority scheme for 
the allocation of the CPU time. For 
the system under consideration, the 
CPU priority is characteristic to the 
partition and not the program. Thus, 
the problem is to assign the work to 
the various partitions in such a man¬ 
ner that the resultant time to com¬ 
plete the work is minimal. 

Multiprogramming 

The concept of multiprogramming 
may be illustrated by the following 
simplified example: 

Consider a two partition system 
with enough I/O (Input-Output) 
capacity to handle any I/O require¬ 
ments without interference. The pro¬ 
gram run time is then strictly de¬ 
pendent on the availability of CPU 
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cycles. The program in the high 
CPU priority partition has preemp¬ 
tive power over the other program. 
Thus, the high CPU priority parti¬ 
tion program will complete in its 
normal singular processing run time. 
The second program will sometimes 
be required to wait for CPU cycles 
and hence will take longer than the 
normal run time. The amount of 
extra wait time or degradation factor 
is dependent on the amount of CPU 
usage of both programs. The higher 
the CPU requirement of the first job 
the longer the second program will 
take to complete. 

Figure I will illustrate this phe¬ 
nomenon. Let the program in the 
high priority partition (Partition 1) 
require three CPU cycles to each 
I/O cycle and the program in the 
low priority partition (Partition 2) 
require two CPU cycles for each two 
I/O cycles. Assume that these rela¬ 
tionships are constant and repetitive. 


Scheduling Methods 

There are two general classes of 
control in a multiprogramming 
environment. The first type of con¬ 
trol is one in which the order the 
jobs are processed is immaterial. The 
type of programs allocated to the 
high priority partition determine the 
average run times of the programs 
assigned to the low priority parti¬ 
tions. Thus, the scheduling problem 
in this case is to determine which 
type of programs to assign to each 
partition to maximize the computer 
throughput. To insure the success of 
this approach, a large enough time 
period is required so that the actual 
run times are accurately represented 
by the estimated times. The mathe¬ 
matical representation of this envi¬ 
ronment is a nonlinear system of 
equations. 

For the second type of control, 
the order as well as the partitions 
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FIGURE 1: Cycles of CPU and I/O time allocated to each program 
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in which programs are run is con¬ 
trolled. Under these circumstances, 
the problem becomes one of specify¬ 
ing the type of programs to be run 
simultaneously and the assignment 
of partitions for each program. To 
implement this type of control, it 
appears necessary to develop a sys¬ 
tem's program to monitor the appli¬ 
cation. The mathematical model 
representing this control class is a 
linear system of equations. 

Thus, the two general classes of 
control lead to the development of 
two scheduling methods which can 
be used to provide maximal com¬ 
puter throughput. 

To employ the scheduling tech¬ 
niques, the following information 
must be known: 

1. Each program must be cate¬ 
gorized according to its aver¬ 
age percent of CPU usage. Any 
number of categories may be 
used. 

2. The core requirements for each 
program. 

3. The average high CPU priority 
partition run time for each pro¬ 
gram. 

4. The average low CPU priority 
run time for each CPU percent¬ 
age category relative to each 
CPU percentage category oper¬ 
ating in the high CPU priority 
partition. That is, the relative 
increase in the run time in the 


low priority partition, when a 
specific usage class is running 
in the high priority partition. 
This information can be esti¬ 
mated through the use of a 
simulation model if it is not 
readily available. A simulation 
model was developed by the 
authors for this purpose using 
the IBM GPSS/360 language 
[1]. Through the use of this 
model, estimates for two and 
three partition system run times 
were obtained for three CPU 
classes. 

The scheduling methods will be 
presented for a two partition system 
and can easily be extended to any 
number of partitions. 

Nonlinear Model 

Let: 

n —the number of usage 
classes 

Ri — the total run time to be 
scheduled for the ith 
usage class 

Xi —the fraction of the ith 
usage class total run 
time that is allocated to 
the high priority parti¬ 
tion 

(1 —Xi)—the fraction of the ith 
usage class run time 


allocated to the low pri¬ 
ority partition 

Dij —the average degradation 
factor for a program of 
class i in the low pri¬ 
ority partition with a 
program of class j in the 
high priority partition. 

Then, 

XiRi —the total time the ith 
class will require in the 
high priority partition 

n 

(1) ^ XiRi — the total run time 

1 1 in the high pri¬ 

ority partition 

XiRi —the percent of the 

- time the ith class 

n will be running in 

2 XiRi the high priority 

i = 1 partition. 

The average degradation factor 
for the ith usage class in the low pri¬ 
ority partition can be expressed as: 

n 

2 XjRjDij 

1=1 


n 

2 XkRk 

k=:l 

The total run time for all work in 
the low priority partition is: 
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n n 

(2) 2 (1-X,)R, 2 XjRjDii 

i = 1 j = 1 

n 

5 XkRk 

k = l 

The Xi’s must be between 0 and 
1; in addition, if only 90% of the ith 
category work can fit in the high 
priority partition, then Xi .9. Also 
if only 40% of the jth category work 
can fit in the low priority partition, 
then Xj ^ .6. 

Thus, 

(3) 0 ai ^Xi ^ bi ^ 1 (for all i) 

Two observations can be made 
about the system: 

(a) The optimum throughput 
occurs when both partition 
run times are equal and as 
small as possible; 

(b) The low priority partition 
operates like the high priority 
partition if the high priority 
partition is empty. Therefore, 
a restriction must be em¬ 


ployed to insure that at least 
half of the work runs without 
a degradation factor. 

n n 

(4) S Ri^2S XiRi 
i = l ii=l 

The maximum computer through¬ 
put for the problem defined by (1), 
(2) (3) and (4) is the minimiza¬ 
tion of 

n 

2 XiRi 

i = l 

subject to 

n n 

(a) 2 (1-XORi 2 XjR.Dn 

i=i j=i 

n 2 

- (2 XkRO = 0 
k = 1 

(b) O^ai^Xi^bi^l (foralii) 

n n 

(c) 2 Ri^22 XiR, 

i=I i=l 

Carroll’s Response Surface Tech¬ 
nique [2] can be used to obtain the 
optimum solution. However, a para- 
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metric approach, a technique in 
which the variables are systemati¬ 
cally varied, is quite useful since a 
class of near optimal solutions is 
obtained. This class of solutions may 
contain more easily controlled solu¬ 
tions near the optimum. For exam¬ 
ple, if the optimum solution for two 
variables to be allocated to the high 
priority partition is 33 and 75 per¬ 
cent, it would be easier to control 
a solution such as 0 and 100 percent. 
The parametric solutions are also 
useful in studying different partition 
sizes. These solutions can be sum¬ 
marized by partition size and thus 
result in the optimum solutions for 
the various partition sizes. Summari¬ 
zation by computer throughput and 
then by partition size results in 
groups of partition sizes and solu¬ 
tions which can be used to obtain 
similar throughput results. 

Linear Model 

Let n, Ri, be the same as in 
the nonlinear model definition. 

Let: 

Yj—percent of usage class j to 
be run in the high priority 
partition 



4. ^ 
habits; 

5. Hoarsait 

6. indigesttf 
swaflowi 


Do you know 
the seven warning 
signals of cancer? 


Just in case you don’t: 1. Un¬ 
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or elsewhere. 3. A sore that does 
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bladder habits. 5. Hoarseness or 
cough. 6. Indigestion or difficulty 
in swallowing. 7. Change in a 
wart or mole. 

If a signal lasts longer than two 
weeks see your doctor. 

It makes sense to know can¬ 
cer’s warning signals. 

It makes sense to give to the 

American Cancer Society, f. 


Xij — percent of usage class i to 
be run in the low priority 
partition while the jdi CPU 
class is running in the high 
priority partition. 


Then, 

n 

(1) 2 YjRj — total run time in 

j 1 the high priority 

The total amount of work to be 
run in the low priority partition 
while the jth CPU class is in the 
high priority partition is: 

n 

(2) 2 XijRiDij^YjRj (for all]) 
i = l 

The total percent of each CPU 
usage class must be equal to one 
and each element must be positive, 
hence: 

n 

(3) 2 Xij + Yi = 1 (for all i) 

j = 1 

(4) Xu,Y,^0(foralli,j) 

This system can be solved by 
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linear programming [3], where the 
object is to minimize (1) subject to 
(2), (3) and (4). 

Conclusions 

Linear and nonlinear program¬ 
ming techniques appear to be useful 
in scheduling computer work in a 
multiprogramming environment. The 
systems presented can be used to 
study the optimal number of parti¬ 
tions and their sizes for a given com¬ 


puter in a particular work load 
environment. ■ 
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GECOS 111 

(Continued from page 14) 

essor burners” (processor-limited programs) only 
when all the other programs have been serv¬ 
iced. On the other hand, when there is little 
I/O loading, the systems stays for a longer 
period in each program, with proportionately 
less overhead. 

GECOS performs all interrupt processing and 
dispatching in less than 15% of the processor 
cycles when the system is heavily loaded, and in 
about 5% of the cycles when only “processor 
burners” are in memory. 

Test and Diagnostic System 

Experience has strongly indicated that an 
operating system for a large-scale computer must 
include a comprehensive test and diagnostic 
(T&D) system, particularly for the peripherals. 

GECOS III includes special interfaces for the 
T&D system to allow it to test any peripheral 
operation. The I/O supervisor simply returns 
the status without analysis to the T&D pro¬ 
gram. The T&D system must observe device 
allocation rules of GECOS. 

Operations personnel may request through 
the control console that any device be tested at 
any time. Also, at any error condition on a de¬ 


vice, a demand may be made to test that device 
as soon as it is free. 

A portion of every shared-access device is 
reserved for use by the T&D system for record¬ 
ing tests. 

Error information accumulated by the operat¬ 
ing system or the T&D system is accumulated on 
an accounting file, allowing for continual meas¬ 
urement of peripheral device performance. Prob¬ 
lems can be spotted and corrected before they 
reach the disaster stage. 

Time-Sharing 

The GE-600 time-sharing system embodied in 
GECOS III answers the question, “How can 
installations provide time-sharing functions with¬ 
out disrupting existing batch processing com¬ 
mitments?” 

The GECOS time-sharing system is designed 
for installations that have a batch commitment 
and also need time-sharing. The portion of the 
hardware dedicated to time-sharing is dynami¬ 
cally variable, providing an operating spectrum 
from full time-sharing through full batch proc¬ 
essing, according to the requirements of the 
installation. 

GECOS time-sharing is designed to encour¬ 
age development by users, following an exten¬ 
sion of the present batch mode philosophy in 
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LmM (203) 325-4158 
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In this age of specialization let a specialist help 
you make sure your next move is the correct move. 

Send your resume to 
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which the manufacturer supplies the operating 
system, commonly used compilers, edit func¬ 
tions, and a variety of application programs, 
while the user develops the specific programs 
required for his business. 

The time-sharing executive is a privileged sys¬ 
tem program within GECOS. Time-sharing occu¬ 
pies a block of memory of variable size, depend¬ 
ing on the desired time-sharing/batch ratio. This 
block contains; 

—The SSA. 

—The time-sharing executive. 

—User status tables and buffers. 

—Time-sharing user memory. 

To provide fast response for the heavy I/O 
load imposed by multiple time-sharing users, the 
SSA includes considerably extended I/O queue¬ 
ing and file definition capabilities. 

The time-sharing executive performs the func¬ 
tions of selecting, allocating, dispatching, and 
swapping time-sharing user programs. Since the 
time-sharing executive is treated as a single sys¬ 
tem program by GECOS, it sub-allocates mem¬ 
ory and sub-dispatches the processor to indi¬ 
vidual time-sharing user programs. In the proc¬ 
ess of sub-dispatching, the time-sharing execu¬ 
tive establishes a new BAR setting around the 
user program to be executed, insuring the integ¬ 
rity of other user programs in memory. 

The time-sharing executive also performs vari- 
out services for individual programs, including 
file system I/O, terminals I/O, and creation and 
modification of files, catalogs, and their security 
definitions; and it accounts for resources used by 
the individual time-sharing users. 

The user status table and buffers are used to 
maintain the current status of the programs and 
to accumulate data generated by terminal I/O. 

Time-sharing user memory is allocated to indi¬ 
vidual user programs for execution. Several pro¬ 
grams may occupy portions of this area. A pro¬ 
gram may be swapped to allow another user of 
higher priority to be allocated memory space. 

One of the major integrating factors in the 
design of the time-sharing system is the use of 
the GECOS file system. It is through this com¬ 
mon file system that user programs in the batch 
system and in the time-sharing system communi¬ 
cate with each other. 

A straight-forward application of this capa¬ 
bility allows a large batch job to generate or 
update a file (perhaps based on inputs from 
another file entered from time-sharing terminals) 
and have the updated file available for inquiry 
by time-sharing users. 

An even more interesting capability allows 
the time-sharing system to generate a job for the 
batch system. The user program in the batch 
system may be too large to process conveniently 
in the time-sharing mode, or may be an existing 
program for which modification for direct exe¬ 
cution in the time-sharing mode is not desirable. 
An option exists to allow a time-sharing program 


to wait for the completion of a batch job. In 
addition, there can be a direct “conversation” 
between a batch program and a remote terminal. 

The time-sharing system provides an exten¬ 
sive set of commands by which the user com¬ 
municates his processing requirements to the 
system. In addition, an interface has been pro¬ 
vided to allow the knowledgeable user to specify 
new commands. Each command consists of a 
list of primitives. 

The commands and their associated sets of 
primitives are unique to each language. The 
primitives define sequences of processes that 
are to be executed when the command is entered. 
The primitives consist of such functions as load¬ 
ing and execution of programs, conditional trans¬ 
fer of control to other primitives, and initiation 
of various input and output modes. 

Status 

GEGOS III is now running on several GE-635 
systems. 

All GEGOS II jobs execute under GECOS III 
without program or control card modification, 
including extensive test programs collected to 
quality-assure GECOS II updates and the reli¬ 
able operation of GE-600 systems prior to ship¬ 
ment. Remote batch and time-sharing programs 
execute in concurrent operation, demonstrating 
the integrated operation of the system. ■ 


IMMEDIATE VENTURE 
CAPITAL AVAILABLE 
FOR COMPUTER SOFTWARE 
COMPANIES 



25 Broadway, New York, N. Y. 10004 
(212) HA 5-3600 


For more information, eirde No. 1 1 on the Reader Service Card 
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new p roducts 


Two new products—the UNIVAC 0707 
Card Reader/Communications Terminal 
and the UNIVAC 0708 Card Reader— 
were introduced recently. 

Typical applications for the equipment 
would be in general accounting proces¬ 
sing, inventory status, and other functions 
requiring constant updating. 

The Model 0707 is capable of interfac¬ 
ing with most communication terminals. 
It consists of a card reader with an elec¬ 
tronics unit, and is interfaced with a tele¬ 
typewriter plus modem. Line transmission 
is in American Standard Code Information 
Interchange (ASCII). 

The 0708 unit can be incorporated into 
other manufacturers’ computer systems, 
automatic control systems, and other ap¬ 
plications which require slow speed card 
reading with the ability to stop and hold 
on each column of the punched card. 

Depending upon requirements, the 0707 
and 0708 Card Readers can read column- 
by-column in the incremental mode at up 
to 10 cards per minute, or 40 cards per 
minute in a continuous mode. 

Equipped with input and output maga¬ 
zines with a capacity of 500 cards, the 
Card Reader is 20 inches in width, 12 
inches high, and 8 inches in depth. It 
weighs 25 pounds. 

For more information circle No. 80 
on the Reader Service Card 
« « « 


Potter Instrument Company, Inc., has 
developed a revolutionary, low-cost adap¬ 
tive logic circuit attachment, ADLOGIC. 
Although no circuit changes are necessary 
in connecting the ADLOGIC to disk 
packs, random access memories, high den¬ 
sity tape handlers, or any device using 
phase encoding, ADLOGIC increases ef¬ 
fective packing densities by 1.5 to 1.7 
times normal densities. 

The 50% storage dividend is achieved 
by Potters’ ADLOGIC without imposition 
of any additional requirement on the 
recording or playback response of a par¬ 
ticular system. Instead, it achieves the 
increased throughput by means of elec¬ 
tronic coding techniques. It is simply con¬ 
nected between the input and output of 
each disk pack, random access memory, 
tape handler or phase encoding unit. 

The effective density of recording in 
ADLOGIC is increased by increasing the 


ratio of information transitions to clock¬ 
ing transitions while still retaining the self¬ 
clocking characteristics of phase encoded 
recording. As recording achieves higher 
and higher packing densities, the new 
Potter ADLOGIC system will continue to 
increase the effective packing densities by 
1.5 to 1.7 times over the nominal density. 

For more information, circle No. 79 
on the Reader Service Card 
o « 4 

Now it is possible to display computer 
information in color with General Elec¬ 
tric’s Datanet-760 data display terminals. 

Color information display can be use¬ 
ful, GE said, in indicating out-of-limits 
conditions in on-line, real-time applica¬ 
tions, and in drawing more recognizable 
contrasts between certain types of data, 
such as profit and loss, in-stock versus 
back-ordered inventory, and so on. 

The color modified Datanet-760 is ca- 
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pable of displaying computer-generated 
information in red and green. Availability 
is said to be six months. 

For more information, circle No. 78 
on the Reader Service Card 



The new 620 Stand-alone Data Display 
System is now available from Sanders As¬ 
sociates, Inc. It is a completely self-con¬ 
tained system designed to handle retrieval 
and update applications quickly. I/O, 
editing, memory, character generation, 
power supply and other circuitry are all 
housed in a single terminal unit. A San¬ 
ders exclusive is memory save which al¬ 
lows the standard 768 characters to be 
displayed at any of 2048 positions on the 
9 ) 2 " X 7 ) 2 " horizontal screen. Memory save 
permits the user to arrange data in the 
most useful formats without serious re¬ 
ductions in displayable message length. 
The standard unit is available for pur¬ 
chase or rental. 

For more information, circle No. 79 
on the Reader Service Card 
000 



Digitronics Corporation, announced a 
new line of low-cost data transmitters 
which enable remote locations to transmit 
data over telephone lines without using 
data sets. 

The new units, called AUDIO-VERTER, 
convert input data to audio tones and 
couples these tones, via an acoustic 
coupler, to a standard telephone for trans¬ 
mission. 

Designed for use by remote locations 
in sending information over the dial tele¬ 
phone network to centralized EDP cen¬ 
ters, the AUDIO-VERTER transmitters 
require no data sets. Most standard tele¬ 
phones can be used to interface the unit 
to the telephone network. Used with to- 



This unique collection has every page—every 
engraving faithfully reproduced just as they 
first appeared over a century ago during the 
American Civil War. 

Young and old alike will thrill to this fascinat¬ 
ing adventure in reading—from eye witness 
reporting to hilarious advertisements . . . from 
impressive panoramic illustrations to comical 
political cartoons . . . something of interest 
and value to everyone ... all the great events 
that were destined to become a part of our 
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Seven key issues highlight the action of the 
Civil War. In addition, each issue offers a 
wide variety of general interest items. All with 
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day's modem office machines, such as a 
cash register which produces a punched 
paper tape, AUDIO-VERTER transmitters 
can send a day's total transactions in min¬ 
utes to the EDP center. 

Initial model in the AUDIO-VERTER 
line is the Model 8050 Paper Tape Trans¬ 
mitter which accommodates any 5, 6, or 
8-channel paper tape conforming to EIA 
standards. Data is transmitted at 30 char¬ 
acters per second (alphanumeric code) or 
43 characters per second (numeric code). 
The transmitter can send data to a Digi- 
tronics 523 Magnetic Tape Terminal or 
504 Paper Tape Terminal, with data re¬ 
ceived in form ready for computer input. 

For more information, circle No. 76 
on the Reader Service Card 

« « « 

Remex Electronics, a unit of Ex-Cell-O 
Corporation, is introducing a new high 
speed photoelectric punched tape reader 
specifically for the computer industry. 

The Remex model RRS-302F punched 
tape reader/spooler features a 300 char¬ 
acters per second reader with a 40 inch 
per second integral spooler equipped with 
5/4 inch diameter reels. The unit is very 
compact requiring only 7 inches of rack 
space. 

New sensitive motor regulations per¬ 
mits highly accurate tape motion control 
as demanded by the high speed reader. 

Included is electronic noise suppression 
to a level that virtually eliminates the 
possibility of interference with the most 
sensitive integrated circuit computers. 

For more information, circle No. 75 
on the Reader Service Card 

POO 



New Ampex Model RF-4 core memory 
is designed to fill such widely varying 
roles as high-speed buffer memory for 
data acquisition systems, main-frame mem¬ 
ory for small-to-medium computers, and 
special purpose memory for land-mobile 
and airborne digital systems. The RF-4, 
complete on a 17-inch square printed 
circuit board, offers data access time of 
400 nanoseconds and capacity of 80,000 
bits. 

For more information, circle No. 74 
on the Reader Service Card 

OOP 

New Ampex Model TM-16 digital tape 
transport is plug-interchangeable with 
IBM 729 and 2400 units and features 
straight-line tape path design for maxi¬ 
mum operator speed and convenience. 
The TM-16 also is designed to incorpor¬ 



ate phase encoding, the method of 
doubling maximum data packing density 
from 800 to 1600 bits per inch. The trans¬ 
port offers tape speeds ranging from 75 
to 150 inches per second, and 75 or 112 % 
ips in the IBM-replaceable version. 

For more information, circle No. 73 
on the Reader Service Card 


A new program generator that vastly 
simplifies file maintenance programming 
was announced today by Software Re¬ 
sources Corporation. The generator— 
called GENCO—accepts shorthand-type 
input statements and transforms them 
into a complete modular COBOL file 
maintenance program. 

The generator is fully operational and 
available for immediately delivery. Among 
the GENCO features announced by the 
company are the following: easy to learn 
system with simple coding sheets pro¬ 
vided, complete COBOL source programs 
generated, modular form of the generated 
COBOL program permits easy modifica¬ 
tion to meet special requirements, data 
processing priority feature allows the user 
to add, change or delete records or data 
fields at his convenience, and extensive 
range of updating, validation and default 
action is provided. 

GENCO operates on an IBM System/ 
360 with 128,000 bytes of storage. The 
COBOL file maintenance programs pro¬ 
duced by GENCO can be compiled on a 
smaller 32,000 byte 360. 

For more information, circle No. 72 
on the Reader Service Card 

OOP 

Allen Hollander Co. announced a new 
pressure sensitive label used to identify 
cleaned data processing tapes. It specifies 
that the reel has been cleaned and pro¬ 
vides a space for noting the date of the 
cleaning. The labels tell programmers at 
a glance which reels can be used again 
for the processing of new data. 

For more information, circle No. 71 
on the Reader Service Card 


MB Electronics, a Textron company, 
has announced the Model N904 Tape 


Splice Blanker. The new unit, used when 
performing spectral, transient, or shock 
analyses t)n tape-recorded data, permits 
analysis of desired data and the rejection 
of all spurious signals. 

The splice blanker can be used with 
any magnetic tape or signal analysis 
equipment taking data from a tape loop, 
and eliminates splice transients which 
could place a damaging signal on test 
data. Use of the instrument makes it un¬ 
necessary to record a tape loop with mul¬ 
tiple reproductions of the single pulse or 
transient of interest. One pulse or tran¬ 
sient on one loop of tape comprises all 
the data and all the preparation required 
for a complete and accurate analysis. 



The unit provides timing circuits and 
signals to start and stop the average and 
integration-smoothing circuits in an 
analyzer. It eliminates possible tape flaws 
due to random noise, line transients, or 
fingerprints. 

The Model N904 is of solid-state con¬ 
struction and operates on 105—115 vac 50/ 
60 cps. A two-channel instrument is stand¬ 
ard, with 3 to 8-channel units available. 

For more information, circle No. 70 
on the Reader Service Card 

P p P 

A new Multispeed Wide Band FM 
Modulator/Demodulator System compat 
ible with all modern wide band instru¬ 
mentation tape recorders is offered by 
Data-Control Systems, Inc., Danbury, 
Connecticut. 

Change in tape speeds for time base 
expansion and contraction is executed 
through pushbutton control. Electrical 
command is derived from tape recorder 
control circuitry and there are no moving 
parts in modulator/demodulator modules. 

Typical applications include record/ 
playback of PDM, PAM and PCM serial 
wave trains, high frequency analog data, 
video output signal storage for processing 
and analysis and other applications requir¬ 
ing DC to video response. 

The system is comprised of DCS Model 
545 Modulators and DCS Model 532 
Demodulators which occupy 3.5" of ver¬ 
tical rack space. 

For more information, circle No. 69 
on the Reader Service Card 

p p p 

IRA Systems Inc. announced the devel¬ 
opment of a new data-logging system for 
measuring voltage, current and ohms. The 
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entire system is controlled by a general- 
purpose digital computer. 

According to Walter R. Anderson, 
President, the system incorporates fully- 
developed measurement software, making 
it unnecessary for the user to incur pro¬ 
gramming expense. 

The IRA digital voltmeter has a DC 
accuracy of ± 0.01 percent plus 1 digit, 
an AC accuracy of ±0.1 percent of read¬ 
ing, 4 digits with a 5th digit overrange. 
Range, function and sampling times are 
completely controlled by the computer. 

The basic IRA system can be aug¬ 
mented to perform other functions as a 
result of readings derived from the digital 
voltmeter. Typical computer-controlled 
applications include: test systems for inte¬ 
grated circuits, circuit board assemblies, 
transistors and diodes; fabrication systems 
for non-linear function circuits, impedance 
matching circuits, and ultra-linear poten¬ 
tiometers; and logging of analog data for 
process control systems. 

For more information, circle No. 68 
on the Reader Service Card 

« « » 



Electronic Associates, Inc. has intro¬ 
duced a low cost industrial analog data 
processing package—the PC-12 Experi¬ 
menter's Kit. The kit is designed to pro¬ 
vide engineers in diverse fields with a 
means of developing control systems for 
processes and machinery. 

This configuration of PC-12 Analog 


Computer subsystems has been specially 
developed for use by industrial, process, 
production and equipment engineers in 
all types of manufacturing disciplines. Ex¬ 
perience with the PC-12 has shown that 
it will find applications in on-line data 
reduction, on-line implicit calculation, on¬ 
line process optimization and on-line 
proces scontrol. 

The kit’s equipment complement con¬ 
sists of 28 PC-12 subassemblies providing 
up to 34 functions. Included in the kit 
are 18 operational amplifiers (including 
eight integrators), three diode function 
generators, a quarter-square multiplier 
and three mounting racks as well as neces¬ 
sary power supplies and reference sup¬ 
plies. The all solid-state system features 
component accuracies from .01 per cent 
to 1.0 per cent. 

For more information, circle No. 67 
on the Reader Service Card 
« « « 

A new electronic keyboard, developed 
to provide error-free code generation for 
computer and other information handling 
and display systems, provides a signif¬ 
icantly simplified design which eliminates 
specific problems associated with electro¬ 
mechanical and photo-optical keyboards. 

The IKOR Keyboard patent pending 
contains all solid-state circuits. There are 
no mechanical links to fall and no lights 
to bum out or become masked by dirt 
thus contributing to coding errors. The 
coding for each key is completely self- 
contained within the key module, and the 
code generation utilizes universal Trans¬ 
mit and Receive Bars which serve the 
same function for all keys. Therefore, the 
IKOR keyboard permits an exceptionally 
wide variety of keyboard configurations 
as well as the addition of other keys at 
any time. 

As supplied, the standard IKOR Model 
6000 keyboard has 44 keys and spacebar 
with provision for use of up to 73 keys. 
Changing or adding keys involves merely 
snapping the desired keys into and out 
of their positions without any modification 
of basic circuitry or need to ‘Vire in” the 
new keys. 

The IKOR Model 6000 keyboard pro¬ 
vides either serial or parallel inputs to any 
information system, using standard 7-bit 
ASCII code format. It provides clocked 
output and may be directly interfaced 
with digital printers, computers, CRT’s, 


alphanumeric display systems, etc. The 
keyboards are supplied for mounting in 
customer console or as self-contained units. 

For more information, circle No. 66 
on the Reader Service Card 
xt o o 

Information Science Incorporated has 
reached an agreement with Software Re¬ 
sourced Corporation to market 15 Ts new 
General Retrieval System (GRS), it was 
announced by Dale H. Learn, President, 
Information Science Incorporated. 

GRS is designed to allow non-program¬ 
mers to interrogate a master data base of 
computer files and records by means of 
simple English statements. It is said that 
the structuring of a report request for 
GRS can be performed in minutes. 

The System, which is written in CO¬ 
BOL for the IBM 360 and other COBOL 
machines, is “fully operational and can 
be installed within 30 days of the con¬ 
tract date.” 

For more information, circle No. 65 
on the Reader Service Card 

OOP 



The first digital magnetic computer 
tape which can be used in extremes of 
hot or cold temperatures has been devel¬ 
oped by a subsidiary of Wabash Mag¬ 
netics, Inc. 

The new tape will permit extended use 
of computers in aviation, aerospace, and 
other applications where it is not feasible 
to control environmental conditions. 





Programming Opportunities 

I.B.M. Computer Programmers 

Needed to fill expanding modern data processing 
installation with top ranking corporation in machine 
tool industry. Candidates for these positions must 
have I.B.M. 360 — basic assembly language—ex¬ 
perience to qualify. Some College education pre¬ 
ferred, but not essential. 

njIdfc—JEtEMmr corporation 

Bensenville, Illinois 

(A Western suburb of Chicago) 

An equal opportunity Employer 
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According to the manufacturer, extreme 
environment tape performs at tempera¬ 
tures ranging from —55® F. to + ISO® F. 
Rapid fluctuations between these tem¬ 
perature extremes have no adverse effects 
on X-N tape performance. It is also not 
affected by humidity extremes. 

X-N tape uses a polyimide substrate. 
Polyimide is stable at temperatures rang¬ 
ing from —100® F. to -|-400® F. 

The new X-N tape has the performance 
capability of 1600 BPI, a measure of data 
storage capacity required in the computer 
industry today. 

U. S. Magnetic Tape Company is now 
offering X-N tape in widths of U through 
one inch and in lengths of 200 feet 
through 1,000 feet. 

For more information, circle No. 64 
on the Reader Service Card 

« o « 

A new option has been added to the 
Wang Laboratories 370 calculating sys¬ 
tem. This new item is the 373 data storage 
unit. The Wang 373 is a 64 register core 
storage device. Each register consists of 
a 10 digit decimal number with algebraic 


sign and decimal point. A total of 64 
registers is available. 

The 373 is provided with a row counter 
and a column counter to facilitate opera¬ 
tion with systems of linear equations or 
matrices. The unique operation of the 373 
allows a 370 calculating system to solve 
simultaneous equations with only two card 
readers (160 program steps). This feature 
will make it a useful tool for general 
statistical calculations as well as other 
engineering and physical computations. 

For more information, circle No. 63 
on the Reader Service Card 


A series of printed circuit card files— 
with dimensions that can be varied to fit 
any required storage capacity or type of 
construction—is available from Scanbe 
Manufacturing Corp., Monterey Park, 
Calif. 


Designated as the Scanbe Series-T, the 
printed circuit card files can be obtained 
in single and multiple configurations. De¬ 
sign of the T-series card files incorporates 
side mounting bars, which are available 
in different lengths. 

Any desired number of card guides and 
spacers can be mounted on the side 
mounting bars. In multiple configurations 
—available for holding any desired num¬ 
ber of adjacent card rows—the double 
file, for example, has six mounting bars, 
the triple file has eight, and so on. 

For more information, circle No. 62 
on the Reader Service Card 

» « o 

Auerbach Info., Inc., of Philadelphia 
has available a two-volume, detailed, 
analytical evaluation of scientific, systems/ 
and control computers. It is being pub¬ 
lished as Volumes “A” and “B” of Auer¬ 
bach Standard EDP Reports. Hardware 
covered in the new volumes—Control 
Data 1700; Honeywell DDP124, 224, 
416, 516; Digital Equipment Corp. PDP 
8, 8/X, 9, 10; Scientific Data Systems 
Sigma 2, 5, 930, 9300; IBM 1130, 1800; 
General Electric GE/PAX 4020, 4040, 


4050, 4060; Data Machines 620, 620-1; 
Raytheon 703; EMR Advance 6000 Series; 
Westinghouse Prodac 50, 250, 500; System 
Engineering Laboratories SEL 81OA, 
840A; and Electronic Associates Inc., EAI 
640, 8400. 

For more information, circle No. 61 
on the Reader Service Card 

« o o 

Potentiometric recorders are converted 
into universal temperature systems by 
adding Atkins “T into V” Probes and 
Modules. In use the operator sets tem¬ 
perature start point digitally at any tem¬ 
perature between —100® C and -f- 200® C 
(or —150® F and +400® F), then sets the 
desired span to be covered above the 
start point. Spans can be 100, 50, 20, 10, 
or 5 C degrees (or 200, 100, 50, 20, or 
10 F degrees). When the probe tempera¬ 
ture rises through “start point” tempera¬ 
ture a linear mv output is generated over 


the span which has been set. Output to 
the recorder is 0-1, 10, 50, or 100 mv, 
rear-panel settable, to match user's re¬ 
corder capability. 

A second output is provided by the 
Atkins module for connection to any dig¬ 
ital voltmeter for direct display of the 
temperature digitally. This output is a 
linear signal of 10 mv/C® between —100® 
and +200° C, zeroed at 0® C. Digital 
volt-meters with 0.1 mv resolution can 
therefore read temperature changes to 
0.01® using the Atkins #5H55 “T into 
V” Module equipment. Equivalent ®F 
models with 1 mv/F® output are also 
available. 

For more information, circle No. 60 
on the Reader Service Card 
« « « 

AMP introduces low-capacitance 
shielded programming system. Featuring 
conductor-to-shield capacitance of only 
0.001 pf, this completely shielded patch¬ 
cord programming system offers better 
than 106 db crosstalk isolation at 100 
kHz. At 10 MHz crosstalk isolation exceeds 
74 db. Unique back panel terminations 
permit plugging printed circuit boards 
directly into the rear bay, thereby elimi¬ 
nating extensive wiring. Other back panel 
terminations compatible with existing 
automatic machine or hand wiring tech¬ 
niques are also available. A short-lift 
camming action, in conjunction with a 
“chevron-shaped” contact area, produces a 
double-wiping action at the contacting 
surfaces. Average contact resistance is only 
1.93 milliohms and insulation resistance is 
greater than 1 x 10“ ohms. Currently 
available sizes have 960, 1680, 1920, and 
3840 contacts on 0.375" square grid 
pattern. 

For more information, circle No. 59 
on the Readers Service Card 

• o • 

Five digital-to-analog (D/A) logic mod¬ 
ules for systems and subsystems builders 
have been announced by Honeywell's 
computer control division. 

The line is designed to provide standard 
components for users' building systems 
that must control analog outputs. The D/A 
modules may be used for driving and 
positioning a variety of equipment includ¬ 
ing plotters, machine tools, valves, meters 
and scopes. 

The new line, made up of four-bit and 
six-bit D/A converter modules, operational 
amplifier modules, power converter mod¬ 
ules and reference modules, is the most 
recent addition to the division's line of 
more than 50 modules. 

For more information, circle No. 58 
on the Readers Service Card 
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TYPE OR PRINT CLEARLY FOR PHOTO REPRODUCTION 

JOB DESIRED: _ _ _ _ 

List computer hardware knowledge (names of systems, tape, disk, terminals, etc.): 


THIS INQUIRY IS IN 
DIRECT RESPONSE TO 
YOUR ADVERTISEMENT 
IN 

SOFTWARE AGE 
MAGAZINE 


Programming specialties and years of experience (commercial, scientific, theoretical, experimental, 
analog, etc.):__ 


Systems programming on which you have had development experience (compilers, assemblers, 
executives, monitors, O.S., etc. Indicate for what computer):_ 


Programming languages used and extent of experience (COBOL, FORTRAN, etc.): 


Applications programmed (aerospace, banking, insurance, math subroutines, compilers, etc.): 


Systems analysis experience (card design, flow charting, operation analysis, etc.): 


EDP management experience (include years and number of people reporting to you): 


SALARY:_ _ DATE OF AVAILABILITY: 

(current) (desired) 

EDUCATION: Indicate major as well as degree unless self-explanatory. 

Degrees _ _ | _ 

Years___ _ _ 

Schools __ _ _ 


EMPLOYMENT: Indicate present employment and previous jobs below. 

Employer _ 

City _ 

Years _to. 

Title or 

Function_ 

Name _ 


-to_ 


to 


Age 


Home Address 


Home Phone 


(city) 


(state) 


(ZIP code) 


U.S. Citizen? 


Security Clearance 


Location Preference 


Marital Status 


BE SURE YOU HAVE CHECKED ON REVERSE SIDE 
THE COMPANIES YOU WANT TO SEE THIS INQUIRY. 
PUT FORM IN STAMPED ENVELOPE AND MAIL TO; 


software age 

MAGAZINE 

1020 CHURCH ST., EVANSTON, ILL. 60201 


January, 1968 
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check your interests here 


Fill in the confidential inquiry form on the other side of this 
sheet. (Be sure to use this form. We cannot process multi-page 
resumes; and this form provides all the information advertisers 
require to screen applicants. If further information is desired. 


Page 

□ Aldens, Inc. 38 

□ Automobile Club of Michigan . 30 

□ Bell & Howell Co., Photo Products Group.29 

□ California Blue Shield.4th Cover 

□ Computer Sciences Corp. 35 

□ Control Data Corp.24-25 

□ Defense Intelligence Agency . 12 

□ Flick-Reedy Corp.43 

□ Grumman Aircraft Engineering Corp. 15 

□ Honeywell, Inc., Electronic Data Processing 

(Mass.) .2nd Cover 

□ Honeywell, Inc., Photographic Div. (Colo.) .20 

□ Hughes Aircraft Co. 20 

□ IBM Corp. 13 

□ Informatics Inc., Eastern Operations Office. 37 

□ ITT Federal Electric Corp. 7 

□ Lawrence Radiation Laboratory. 31 

□ Lockheed Electronics Co. 36 

□ Lockheed Missiles & Space Co. 5 

□ Montgomery Ward Data Center .22 

□ Sanders Associates, Inc. (N.H.) .3rd Cover 

□ Sanders Associates, Inc., Bedford Div. (Mass.) . 4 

□ The Standard Oil Co. (Ohio) .21 

□ United Air Lines . 3 


you will hear from the advertiser direct,) Then, check below 
those companies to which you want copies of your form sent. 
Mail to Software Age, 1020 Church St., Evanston, Ill. 60201. 


Page 


□ Univac Data Processing Div. (Pa.) . 18 

□ Univac Federal Systems Div. (Minn.). 6 


EMPLOYMENT AND SEARCH AGENCIES 


□ Callahan Center for Computer Personnel . 22 

□ Computer Careers Inc. 34 

□ Computer Personnel Agency, Inc. 31 

□ Computer Personnel Consultants, Inc.37 

□ Computer Professions, Inc. 39 

□ Edwards Associates, Inc. 30 

□ Employment for Data Processors . 29 

□ Griffing, Inc. 37 

□ Robert Half Personnel Agencies . 38 

□ Interstate Staffing, Inc. 35 

□ Lawrence Personnel. 37 

□ Professional Career Centers, Inc. 38 

□ RSVP Services . 36 


PRODUCTS AND SERVICES 


□ Cambridge Communications Corp. 34 

□ Globus, Inc,. 39 

□ Science/Systems.22, 34, 41 


□ I do not now receive S/A. Please enter my FREE subscription. 


software age 

1020 Church Street 
Evanston, Ill., 60201 
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